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•  EsuTBHCB  ^  a  EIbad-Kidmey  in  ike  Eubhto  Chick, 
i  M  CiKTAis  POLSTS  iM  the  Dbvelopment  of  Ike  MULLE- 

r  DcCT.     By  F.  M.  Balpoce,  M.A.,  Fellow  of  Trinity 
tllece,  Cambndge;   and  Adah  Sedgwick,   B.A.,  Scholar 
*«fTnnily  College, Cambridge.     (With  Plates  I  and  U). 

The  foUuwiiig  paper  is  dirided  into  three  sections.  The  first 
•f  time  records  the  cxisUnce  of  certain  struclurea  in  the  embryo 
chck,  which  eventually  become  in  part  the  Bbdominai  opeuiDg 
cf  Ihc  Mulienan  duel,  and  which,  we  believe,  correspond  with  the 
knct-kLiiiKy,  iir  "  Vorniere  "  of  German  authora.  Tha  second 
desk  with  the  growth  and  dcvelopuiciil  of  the  Miillerian  duct. 
WtUi  referenoc  to  this  wc  have  come  to  the  conclusion  that  the 
HoOemn  duct  doi-s  not  develop  entirely  independently  of  the 
WdBm  doct.  The  third  section  of  our  paper  is  of  a  more 
■nml  durwlcr,  and  contains  a  discussion  of  the  rectifications 
B  tht  Tiewi  of  the  homologies  of  the  parts  of  the  excretory 
ijHeni  in  Aves,  necessitated  by  the  results  of  our  investigations. 

We  hare,  as  fu  as  possible,  avoided  entering  into  the  ex- 
inuled  literature  of  the  excretory  system,  since  this  has  beea 
•err  fully  given  in  three  general  papers  which  have  recently 
^porrd  by  Semper,'  Fiirbrmger,*  and  by  one  of  us.' 

AQ  TttxoX  obacrvers,  including  Braun*  for  Eeplilia,  and  Egli° 
Iwr  Uamtnlia,  have  stated  thnt  the  Miillerian  duct  develops  as 
•  fTnave  ID  the  peritoneal  epilheliutn,  which  is  continued  back- 
•m  as  a  primitirely  solid  rod  in  the  space  between  the  Wolffian 
JKt  and  peritoneal  epithelium. 

■  -  Dm  I^ramital  Sjstcm  der  Plagiostomea."  'AibeitcD  a.  d.  Zool- 
Smo-  iDMiiiit.  Wuralinnt-' 

*  Zo:  VcTSI.  Anat.  u.  Eotwiek,  d.  Excretionsorgsue  d.  Vcttebrsleo." 

Jtor)  of   the   Uriuo-gouital  Orgsus  of  Verts- 
aod  Chjs..-  vol.  I. 
'  ■  Arhtitcn  a.  d.  tool.-sool.  lastitut.  Wiirabur 


I 


'  JMraal  of  Anat.  i 


'  Anal.  u.  Eatwiek.  d.  GMohlccbtsotgane,'  Inaug.  Dif*., 


r.  M.  BAlfOUfi. 


In  oar  preliminary  account  we  stated^^  in  accordance  with  the 
general  view^  that  the  Miillerian  duct  was  formed  as  a  groove^ 
or  elongated  involution  of  the  peritoneal  epithelium  adjoin- 
ing the  Wolffian  duct.  We  have  now  reason  to  believe  that 
this  is  not  the  case.  In  the  earliest  condition  of  the  Miillerian 
duct  which  we  have  been  able  to  observe,  it  consists  of  three  suc- 
cessive open  involutions  of  the  peritoneal  epithelium,  connected 
together  by  more  or  less  well-defined  ridge-like  thickenings  of  the 
epithelium.  We  believe,  on  ^rounds  hereafter  to  be  stated,  that 
tne  whole  of  this  formation  is  equivalent  to  the  head-kidney  of 
the  Icthyopsida.  The  head-kidney,  as  we  shall  continue  to  call 
it,  takes  its  origin  from  the  layer  of  thickened  epithelium  situated 
near  the  dorsal  angle  of  the  body  cavity,  close  to  the  Wolffian  duct, 
which  has  been  known  since  the  publication  of  Waldeyer's  im- 
portant researches  as  the  germinal  epithelium.  The  anterior  of 
the  three  open  involutions  or  grooves  is  situated  some  little 
distance  behind  the  front  end  of  the  Wolffian  duct.  It  is  simply 
a  shallow  groove  in  the  thickest  part  of  the  germinal  epithelium, 
and  forms  a  corresponding  projection  into  the  adjacent  stroma. 
In  front  the  projecuon  is  separated  by  a  considerable  interval 
from  the  Wolffian  duct;  but  near  its  hindermost  part  it 
almost  comes  into  contact  with  the  Wolffian  duct.  The  ^oove 
extends  in  all  for  about  five  of  our  sections,  and  then  terminates 
bv  its  walls  becoming  gradually  continued  into  a  slight  ridge- 
like thickening  of  the  germinal  epithelium.  The  groove  arises 
as  a  simple  depression  in  a  linear  area  of  thickened  germinal 
epithelium.  The  linear  area  is,  however,  continued  very  con- 
siderably further  forward  than  the  groove,  and  sometimes  exhibits 
a  slight  central  depression,  which  might  be  regarded  as  a  forward 
continuation  of  the  groove.  The  passage  from  the  groove  to 
the  ridge  may  best  be  conceived  by  supposing  the  groove  to  be 
suddenly  filled  up,  so  as  to  form  a  solid  ridge  pointing  inwards 
towards  the  Wolffian  duct. 

The  ridge  succeeding  the  first  groove  is  continued  for  about 
six  sections,  and  is  considerably  more  prominent  at  its  posterior 
extremity  than  in  front.  It  is  replaced  by  groove  numoer  two, 
which  appears  as  if  formed  by  the  reverse  process  to  that  by 
which  the  ridge  arose,  viz.,  by  a  hollowing  out  of  the  ridge  on 
the  side  towards  the  body  cavity.  The  wall  of  the  second 
groove  is,  after  a  few  sections,  continued  into  a  second  ridge  or 
thickening  of  the  germinal  epithelium,  which,  however,  is  so 
faintly  marked  as  to  be  hardly  visible  in  its  middle  part.  In  its 
turn  this  ridge  is  replaced  by  the  third  and  last  groove.  This 
vanishes  after  one  or  two  sections,  and  behind  the  point  of  its 
disappearance  we  have  failed  to  find  any  further  traces  of  the 
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uad-kidney.     The  wbole   formatioa   extends  through  about 
InotT-four  of  our  Kctions  and  one  anil  a  half  segments  (moacie- 

Wt  bare  represented  (Plate  I,  Series  a,  Nos.  1 — 10)  a  fairly 

iplrtc  *eri««  of  sections  through  part  of  the   head-kidney  of 

'latujo  •lighily  older  than  that  last  described,  containing 

Awtti  thinl  grooves  and  accessory  parts.   The  connection 

b  grooves  and  the  ridges  is  very  well  illustrated  in 

I  and  5,  of  this  series.     In  No.  3  we  have  a  pro- 

_J«,  in  the  interior  of  which  there  appears  in  No.  4 

J  which    becomes  gradually  wider  in  Noa,   5  and  6. 

Ii  liic  grooves  and  ridges  are  better  marked  in  this  than  in 

I  younger  stage;  but  the  chief  difference  between  the  two 

I  consists  in  the  third  groove  no  longer  forming  the  hin- 

iitoit   of  the  head-kiduey.     Instead   of  this,  the  last 

to*^  (No.  7)  terminates  by  thenpperpart  of  its  walls  becoming 

"itrided  off  as  a  separate  rod,  which  appears  at  first  to  contain 

men  continuou!)  with  the  open  groove.     This  rod  (Nos.  7,  8, 

uO)  silaated  between  the  gexminal  epithelium  and  Wolffian 

t  is  continaed  backward  for  some  sections.     It  finally  termi- 

•  by  ■  pointed  extremity,  composed  of  not  more  than  two 

ii»breMl(Nos.  S-10). 

~  ir  third  stage,  sections  of  which  are  represented  in  series  b 
E  I},  is  conaiderably  advanced  beyond  that  last  described. 
i  moat  important  change  which  has  been  effected  concerns 
the  ridxes  connectiiig  the  successive  grooves.  A  lumen  has 
appmed  in  each  of  these,  which  seems  to  open  at  both  ends 
into  ihc  adjacent  grooves.  At  the  same  time  the  cells,  which 
pmiouxlj  constituted  the  ridge,  have  become  (except  where  they 
it«  coDtiiiDouB  with  the  walls  of  the  grooves)  partially  con- 
ttnctod  off  from  the  germinal  epithelium.  The  ridges,  in  fact, 
now  form  ducts  situated  in  the  stroma  of  the  ovarian  ridge,  in 
the  space  bcttcceii  the  Wolffian  duct  and  the  germinal  epithe- 
hum.  The  duct  continuous  with  the  last  groove  is  somewhat 
loDger  than  before.  In  a  general  way,  the  head-kidney  may  now 
iiedttcribed  as  a  duct  opening  into  the  body  cavity  by  three 
Etoore-Iikc  tpcrturrs,  and  continuous  behind  with  the  rudiment 

<t«  true  Mullerinn  duct,     .although  the  general  constitution 
le  head-kiduey  at  this  stage  is  fairly  simple,  there  are  a  few 
Uta  ID  our   sections   which   we  do  not   fully   understand, 
a  few  points  about  the  organ  which  deserve  a  rather  fuller 
ription  ihon  wc  have  given  in  this  general  sketch. 
The  anterior  groove  {No.  1 — 3,  scries  b,  PI.  I)  is  at  first 
ioaHwhjit  uprated  from    the   Wolffian    duct,   but  approaches 
tlose  h)  it  io  No.  3.    In  Nos.  2  and  3  there  appeus  a  rod-like 
body  oa  Uta  crater  side  of  th«  valla  of  the  groore.    In  No.  S 
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this  body  is  disconnected  with  the  walls  of  the  groove^  and  even 
appears  as  if  formed  by  a  second  invagination  of  the  germinal 
epithelium.  In  No.  S  this  body  becomes  partially  continuous 
with  the  walls  of  the  ^oove^  and  finally  in  No.  4  it  becomes 
completely  continuous  with  the  walls  of  the  groove,  and  its  lumen 
communicates  freely  with  the  groove.^ 

The  last  trace  of  this  body  is  seen  on  the  upper  wall  of  the  groove 
in  No.  5.  We  believe  that  the  body  (r{)  represents  the  ridge 
between  the  first  and  second  grooves  of  the  earlier  stage ;  so  that 
in  passing  from  No.  S  to  No.  5  we  pass  from  the  first  to  the 
second  groove.  The  meaning  of  the  features  of  the  body  r^  in 
No.  2  we  do  not  fully  understand,  but  cannot  regard  them  as 
purely  accidental,  since  we  have  met  with  more  or  less  similar 
reatures  in  other  series  of  sections.  The  second  groove  becomes 
gradually  narrower,  and  finally  is  continued  into  the  second  ridge 
(No.  8).  The  ridge  contains  a  lumen,  and  is  only  connected 
with  the  germinal  epithelium  by  a  narrow  wall  of  cells.  A 
narrow  passage  from  the  body  cavity  leads  into  that  wall  for  a 
short  distance  in  No.  8,  but  it  is  probably  merely  the  hinder  end 
of  the  groove  of  No  7.  The  thurd  groove  appears  in  No.  11, 
and  opens  into  the  lumen  of  the  second  ridge  (rj)  in  No.  12.  In 
No.  13  the  groove  is  closed,  and  there  is  present  in  its  place  a 
duct  (fg)  connected  with  the  germinal  epitnelium  by  a  wall  of 
cells.  This  duct  is  the  further  development  of  the  third  ridge  of 
the  last  stage ;  its  lumen  opens  into  tne  body  cavity  through  the 
third  and  last  groove  (^r^ .  In  the  next  section  this  duct  {r^ 
is  entirely  separated  from  the  germinal  epithelium,  and  it  may 
be  traced  bacKwards  through  several  sections  until  it  terminates 
by  a  solid  point,  very  much  as  in  the  last  stage. 

In  the  figures  oi  this  series  (b)  there  may  be  noticed  on 
the  outer  side  of  the  Miillerian  duct  a  fold  of  the  germinal 
epithelium  (a?)  forming  a  second  groove.  It  is  especially  conspicuous 
in  the  first  six  sections  of  the  series.  This  fold  sometimes 
becomes  much  deeper,  and  then  forms  a  groove,  the  upper  end 
of  which  is  close  to  the  grooves  of  the  head-kidney.  It  is 
very  often  much  deeper  than  these  are,  and  without  careful  study 
might  easily  be  mistaken  for  one  of  these  grooves.  Fig.  c, 
taken  from  a  series  slightlv  younger  than  b,  shows  this  groove 
(<r)  in  its  most  exaggerated  form. 

The  stage  we  have  iust  describe-d  is  that  of  the  fullest  develop- 


possible  presence  of  one  or  two  extra  rudimentary  grooves. 


*  A  deep  focus   of  the   rather  thick   section   represented    in  No.  3 
shewed  the  body  muoh  more  nearly  in  the  position  it  ooeupiet  in  No.  4.- 
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In  ftn  embT7a  not  ver/  macli  older  than  the  one  Inst  deacribed 
ibe  airopbT  of  the  head-kidney  is  nearly  completed,  and  there  is 
prcMDt  but  a  single  groove  opening  into  the  body  cavity. 

In  fcries  o  (PI.  II)  are  represented  a  number  of  sectiona 
bim  an  rmbryo  at  thia  stage.  Nos.  1  and  2  are  sections  through 
"rhind  end  of  the  single  groove  now  preient.     It*  walls  are 

\ij  ««}iarxled  from  the  Wolffian  duct  in  front,  but  approach 

"p  to  it  at  the  hinder  termination  of  the  groove  (No.  2).  The 
trta  of  the  single  groove  present  at  this  stage  agree  closely 
I  tho«  of  the  anterior  groove  of  the  previous  stages.  The 
froove  18  continued  into  a  duct — the  Miillerian  duct  {as  it  may 
now  be  called,  but  in  a  previous  stage  the  hollow  ridge  connecting 
Ike  firat  and  SMond  grooves  of  the  bcad-kidnej] — which,  after 
beooming  nearly  separated  from  the  germinal  epithelium,  is  again 
nniicctcd  to  it  by  a  mass  of  cells  at  two  points  (Nos.  5,  6,  and 
H).  The  gfrminaj  epithelium  is  slightly  grooved  and  is  much 
rtduccd  in  lliicknes:^  at  these  points  of  contact  (fr^ and  ^r^),  and 
•e  believe  that  they  are  the  remnants  of  the  posterior  grooves  of 
the  head-kiduey  present  at  uu  earlier  stage. 

The  UiiUenan  duct  has  by  this  stage  grown  much  farther 
bftckwards,  bnt  the  peculiarities  of  this  part  of  it  are  treated  in  a 
lahaequeat  section. 

We  conaider  that,  taking  into  account  the  rudiments  we  have 
jut  docribcd,  as  well  as  the  fact  that  the  features  of  the  single 
groove  at  thia  stage  correspond  witii  those  of  the  anterior  groove 
at  an  eiiriier  stage,  we  are  fully  justified  in  concluding  that  ^^e 
ftmaneiU  aiJominal  opening  of  the  MulUnan  duct  eorrespoiilt 
vitt  lit  a»Urwr  f^  our  i&ree  groovet. 

AUboogb  we  luve,  on  account  of  their  inde&niteneis,  avoided 

S'rtng  the  ig«  of  the  ohicka  in  which  the  inccestive  cbangee  of 
t  head-kidnoy  may  be  observed,  we  may,  perhaps,  state  that  all 
tfaa  ^tangea  we  have  described  are  usually  completed  between 
Itie  90lb  and  120th  hour  of  incubation. 

Th  Gtomervlut  of  Ike  Head-Kid»fy. 
Id  connection   with  the  head-kidney  in  Amphibians  there  is 
!ni,  aa  is  well  known,  a  peculiar  vascular  body  usually  de- 
bed  as  the  glomerulus  of  the  head-kidney.     We  have  found 
:  chick  B  body  so  completely  answering  to  this  glumerulua 
I  we  have  lanlly  any  hesitation  in  identifying  it  as  such. 
D  the  chick  tb-  glomerulus  is  paired,  and  consists  of  a  vascular 
-^wth  or  ridge  projecting  into  the  body  cavity  on  each  side 
B  OMit  of  the  mesentery.     It  extends  from  the  anterior  end 

^e  Wolfflau  body  to  the  point  where  the  foremost  opening 

of  the  bcad-Kit)>»ey  cominenci-s.     We  have  found  it  at  a  period 
•figbtly  esflier  than  that  of  the  firnt  development  of  the  head- 
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kidney.  It  is  represented  in  figs,  b  and  f^  PL  II  gl,  and  is 
seen  to  form  a  somewhat  irregular  projection  into  the  body 
cavity,  covered  by  a  continuation  of  the  peritoneal  epithelium,  and 
attacned  by  a  narrow  stalk  to  the  insertion  of  the  embryonic 
mesentery  (me). 

In  the  interior  of  this  body  is  seen  a  stroma  with  numerous 
vascular  channels  and  blood  corpuscles,  and  a  vascular  connec- 
tion is  apparently  becoming  established,  if  it  is  not  so  already, 
between  the  glomerulus  and  the  aorta.  We  have  reason  to  think 
that  the  corpuscles  and  vascular  channels  in  the  glomerulus  are 
developed  in  situ.  The  stalk  connecting  the  glomerulus  with 
the  attachment  of  the  mesentery  varies  in  thickness  in  different 
sections,  but  we  believe  that  the  glomerulus  is  continued  un- 
broken throughout  the  very  considerable  region  through  which 
it  extends.  This  point  is,  however,  difficult  to  make  sure  of 
owing  to  the  facility  with  which  the  glomerulus  breaks  away. 

At  the  stage  we  are  describing,  no  true  Malpighian  bodies  are 
present  in  the  part  of  the  Wolffian  body  on  the  same  level 
with  the  anterior  end  of  the  glomerulus,  but  the  Wolffian  body 
merely  consists  of  the  Wolffian  duct.  At  the  level  of  the  pos- 
terior part  of  the  glomerulus  this  is  no  longer  the  case,  but  here 
a  regular  series  of  primary  Malpighian  bodies  is  present  (usinff 
the  term  '^  primary  to  denote  the  Malpighian  bodies  developed 
directly  out  of  part  of  the  primary  segmental  tubes),  and  the 
glomerulus  of  the  head-kidney  may  frequently  be  seen  in  the  same 
section  as  a  Malpighian  body,  in  most  sections  the  two  bodies 
appear  quite  disconnected,  but  in  those  sections  in  which  the 
glomerulus  of  the  Malpighian  body  comes  into  view  it  is  seen  to 
be  derived  from  the  same  formation  as  the  glomerulus  of  the 
head-kidney  (Plate  II,  fig.  f).  It  would  seem,  in  fact,  that  the 
vascular  tissue  of  the  glomerulus  of  the  head-kidney  grows  into  the 
concavity  of  the  Malpighian  bodies.  Owing  to  the  stage  we  are 
now  describing,  in  which  we  have  found  the  glomerulus  most  fully 
developed,  being  prior  to  that  in  which  the  head-kidney  appears, 
it  is  not  possible  to  determine  with  certainty  the  position  of  the 
glomerulus  in  relation  to  the  head-kidney.  After  the  develop- 
ment of  the  head-kidney  it  is  found,  however,  as  we  have  already 
stated,  that  the  glomerulus  terminates  at  a  point  just  in  front  of 
the  anterior  opening  of  the  head-kidney.  It  is  less  developed 
than  before,  but  is  still  present  up  to  the  period  of  the  atrophy 
of  the  head-kidney.  It  does  not  apparently  alter  in  constitu- 
tion, and  we  have  not  thought  it  worth  while  giving  any  further 
representations  of  it  during  the  later  stages  of  its  existence. 

Summary  of  the  development  of  the  head-kidney  and  glomerulus. 

-^The  first  rudiment  of  the  head-kidney  arises  as  three  successive 

grooYGB  in  the  thickened  germinal  epithelium^  connected  by  ridges^ 


BXIBTBHCB  Ot  HEIB-KIDNCY   IN  THE   BMBBVO  CBICB, 

ud  sitoated  some  way  behind  the  front  end  of  the  Wolffian  dnct. 
Ib  Uu  aext  stage  the  three  ridges  connecting  the  grooves  have 
bMOBU  more  marked,  and  in  each  of  them  a  lumen  has  appeared, 

O;  at  both  rrtremities  into  the  adjuming  grooves.  StSl  later 
ga  become  more  or  lees  completely  detached  from  the 
paitotiatl  epilbeliDin,  and  the  whole  tiead-kidney  then  conaiBts 
of  a  alightlv  convoluted  duct,  with,  at  the  least,  three  peritoaeal 
^wiJBga,  which  is  poateriorlj'  continued  into  the  Multerian  duct. 
Mill  later  Uie  bead-kidney  atrophies,  its  two  posterior  openings 
~  *  Bg,  and  its  anterior  opening  remaining  as  the  permanent 
I  of  the  Mtillcrian  duct.  The  glomerulus  arises  as  a 
r  prominence  at  the  root  of  the  mesentery,  slightly  prior 
m  point  of  time  to  the  head-kidn«y,  and  slightly  more  forward 
tun  it  in  position.     We  have  not  traced  its  atrophy. 

We  ataud  in  our  preliminary  paper  that  the  peculiar  atnic- 
tana  VB  bad  interpreted  as  the  head-kidney  had  completely 
cmped  the  atu-ntion  of  previous  observers,  though  we  called 
iHwtion  to  a  well-known  figure  of  Waldeyer'a  (copied  in  the 
'Eleaenta  of  Embryolog;,'  fig.  5L).  Id  this  figure  a  connec- 
tioa  between  the  germinal  epithelium  and  the  Miillerian  duct  ia 
htwa,  which  ia  probably  part  of  the  head-kidney,  and  may  be 
etapand  with  our  figures  (Series  b,  No.  S,  and  Series  d,  No.  i). 
Sbm  w«  made  the  above  statemeat,  Dr.  Gasser  has  called  our 
*tn*Hl  to  a  passage  in  his  valuable  memoir  on  '  The  Develop- 
acol  of  tlie  Allantois,''  in  whicb  certain  structures  are  described 
^toob  an,  perhaps,  identical  with  oui  head-kidney.  The  fol- 
Inraw  is  a  transution  of  the  passage : — 

"  In  ibe  QppcT  region  of  Miiller's  dnct  I  have  often  observed 
auQ  canals,  npeci^v  in  the  later  stages  of  development,  which 
■Bpctt  ■■  a  kind  of  doubting  of  the  duct,  and  run  for  a  short 
JwtiTtf  dose  to  Miiller's  duct  aod  in  the  same  direction,  open- 
m^  baworer,  into  the  body  cavity  posterior  to  the  main  duct. 
hftlMTt  DM  Biay  often  observe  diverticula  from  the  extreme 
oterior  end  of  the  oviduct  of  the  bird,  which  form  blmd  pouches 
mi  give  one  the  impression  of  being  receptacula  seminis.  Both 
Umm  afipeannoes  can  quite  well  be  accounted  for  on  the  supposi- 
IM  that  an  abnormal  communication  is  effected  between  the 
fcraaaal  epHbdinm  and  Mailer's  duct  at  unusual  places;  or 
liat  iImC  an  Bllempl  at  tuch  a  communication  ia  made,  resulting, 
bowcw,  Doly  in  tbe  formation  of  a  diverticulum  of  the  wall  of 
itoeridnet.''^ 

Dk  iteteineat  tbat  these  accessor;  canals  are  late  in  developmg, 
pn««ilU  u  from  feding  quite  confident  that  they  really  oor- 
imgead  with  oar  head-kidney. 
*  'Bstiaae  nr  Entwwk  laDgsKeichiehte  d.  AUanloii  der  Mnller'iclien 
■  Lte^cn.'     Fmkfurt,  187«. 
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Before  passing  on  to  the  other  parts  of  this  paper  it  is  necessary 
to  say  a  few  words  in  justification  of  the  comparison  we  have 
made  between  the  modified  abdominal  extremity  of  the  Miillerian 
dact  in  the  chick  and  the  head-kidney  of  the  Icthyopsida. 

For  the  fullest  statement  of  what  is  known  with  reference  to  the 
anatomy  and  development  of  the  head-kidney  in  the  lower  types 
we  may  refer  to  Spengel  and  Fiirbringer.^  We  propose  ourselves 
merely  giving  a  sufficient  account  of  the  head-kidney  in  Amphibia 
(which  appears  to  be  the  type  in  which  the  head-kidney  can  be 
most  advantageously  compared  with  that  in  the  bird)  to  bring 
out  the  grounds  for  our  determination  of  the  homologies. 

The  development  of  the  head-kidney  in  Amphibia  has  been 
fully  elucidated  by  the  researches  of  W.  Mtiller,*  Gotte,'  and 
Fiirbringerj^  while  to  the  latter  we  are  indebted  for  a  knowledge 
of  the  development  of  the  Miillerian  duct  in  Amphibians.  The 
first  part  of  the  urino-genital  system  to  develop  is  the  segmental 
duct  (Vomieregang  of  Fiirbringer),  which  is  formed  by  a  groove- 
like  invagination  of  the  peritoneal  epithelium.  It  becomes  con- 
stricted into  a  duct  first  of  all  in  the  middle,  but  soon  in  the  pos- 
terior part  also.  It  then  forms  a  duct^  ending  in  front  by  a  groove 
in  free  communication  with  the  body  cavity,  and  terminating 
bUndly  behind.  The  open  grcfove  in  front  at  first  deepens,  and 
then  becomes  partially  constricted  into  a  duct,  which  elongates 
and  becomes  convoluted,  but  remains  in  communication  with  the 
body  cavity  by  from  two  to  four  (according  to  the  species) 
separate  openings.  The  manner  in  which  the  primitive  single 
opening  is  related  to  the  secondary  openings  is  not  fully  under- 
stood. By  these  changes  there  is  formed  out  of  the  primitive 
groove  an  anterior  glandular  body,  communicating  with  the  body 
oavitv  by  several  apertures,  and  a  posterior  duct,  which  carries 
off  the  secretion  oi  the  gland,  and  which,  though  blind  at  first, 
eventually  opens  into  the  cloaca.  In  addition  to  these  parts  there 
is  also  formed  on  each  side  of  the  mesentery,  opposite  the  peri- 
toneal openings,  a  very  vascular  projection  into  this  part  of  the 
body  cavity,  which  is  known  as  the  glomerulus  of  the  head- 
kidney,  and  which  very  closely  resembles  in  structure  and  posi- 
tion the  body  to  which  we  have  assigned  the  same  name  in  the 
chick. 

The  primitive*  segmental  duct  is  at  first  only  the  duct  for 
the  head-kidney,  but  on  the  formation  of  the  posterior  parts  of 
the  kidney  (Wolffian  body,  &c.)  it  becomes  the  duct  for  these 
also. 

*  Loc.  cit, 

»  •  Jenaische  ZeiUchrift,'  vol.  ix,  1876. 
'  *  EntwickeloQgtgetcbicbte  d.  Unke/ 
^  Loc.  cit. 
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jk 'Wolffian  bodies  have  attained  to  a  considerable  dere- 

_^_j  head-kidney  nndergoes  atrophy,  and  its  peritoneal 

_  ^  Iteeome   successively  closed   from   before   backwards. 

Al  UiU    period    the    formation    of  the    Miillerian  duct   takes 

platt.     It  is  a  solid  constriction  of  the  ventral  or  lateral  whII 

I     if  the  wgmcntal  dnct,  which  subsequently  becomes  hollow,  and 

^^hltrrs  lui  opening  into  the  body  cavity  quite  intkpendtnt  of 

^^^mmpmitigi  of  fie  kead-kidney. 

^^Bbe  >iinilarit3r    in   development   and  stracture   between   the 

^^fed-kidney  in  Amphibia  and  the  body  we  have  identified  as  such 

b  AvG»,  is  to  oar  minds  loo  striking  to  be  denied.     Both  consist 

of  two  part* — (1)  n  somewhat  convoluted  longitudinal  canal, 

giUi  a  certain  number  of  peritoneal  openings;  (2)  a  vascular 

^^Biinence  at  the  root  of  the  mesentery,  which  forms  a  glo- 

Nilus.     As  to  the  identity  in  position  of  the  two  organs  we 

>  deal  with  that  more  fully  in  speaking  of  the  general 

dure  of  the  excretory  system,  but  may  say  that  one  of  us' 

p  alrmdy,  on  other  grounds,  attempted  to  show  that  the  ab- 

J  opening  of  the  Miilterian  duct  in  the  bird  is  the  homo- 

^_e  of  the  abdominal  opening  of  the  segmental  duct  in  Amphibia, 

Sknnobnnchii,  &c.,  and  that  we  beliefe  that  this  homology  will 
be  admitted  by  most  anatomists.  If  this  homology  is  admitted, 
Ibe  identity  in  ponition  of  this  organ  in  Aves  and  Amphibia 
wreaanl?  follows.  llie  most  striking  difference  between 
Am  and  Amphibia  in  relation  to  these  structures  is  the  fact 
that  in  Aves  the  anterior  pore  of  the  head-kidney  remains  as  the 
permanent  opening  of  the  Miillerian  duct,  while  in  .\mphibia, 
tbc  porta  of  the  nead-kidney  atrophy,  and  an  entirely  fresh 
abdominal  opening  is  formed  for  the  Miillerian  duct. 
II. 
fh$  GroKth  of  the  Miillerian  Duct. 
Allbongh  a  great  variety  of  views  have  been  expressed  by 
different  obaerrers  on  the  growth  of  the  Miillerian  duct,  it  is 
HIV  fairly  gecenllv  admitted  that  it  grows  in  the  space  between 
I  portion  of  the  thickened  germinal  epithelium  and  the  Wolffian 
duct,   but  quite  independently  of  both  of  them.     Both   Braun 

IEali,  who  have  specially  directed  their  attention  to  this 
It,  nave  for  Boptilia  and  Mammalia  fully  contirmed  the  views 
fevioiu  observers.  We  were,  nevertheless,  induced,  partly 
lecotuit  ofthe  apriori  dilficuUiel  of  this  view,  and  partly  by 
■in  pecnliar  npjicarances  wliicli  we  observed,  to  iinderlske 
re-wam illation  of  this  point,  and  have  found  ourselves  unable 
getber  to  accept  the  general  account.  We  propose  first 
BilfauT,  "  Origia  and  History  of  Uriuogsnilsl  Organs  of  Vcrtchratei." 
'liwnial  of  Aj»1.  and  PbTi.,'  vol.  i,  and  "  Monogripb  on  Elumobraneh 
riAsa." 


4 


I 


)0  F.  M.  BALFOUB. 

describings  in  as  matter-of-fact  a  way  as  possible^  the  actual 
observations  we  have  made,  and  then  stating  what  conclusions 
we  think  mav  be  drawn  from  these  observations. 

We  have  found  it  necessary  to  distinguish  three  stages  in  the 
growth  of  the  Miilletian  duct.  Our  first  stage  embraces  the 
period  prior  to  the  disappearance  of  the  head-kidnev.  At  this 
stage  tne  structure  we  nave  already  spoken  of  as  tne  rudiment 
of  the  Miillerian  duct  consists  of  a  solid  rod  of  cells^  continu- 
ous with  the  third  groove  of  the  head-kidney.  It  extends 
through  a  very  few  sections^  and  terminates  by  a  fine  point  of  about 
two  cells^  wedged  in  between  the  Wolffian  duct  and  germinal 
epithelium  (described  above,  No.  7 — 10,  series  a,  Plate  I). 

In  an  embryo  slightly  older  than  the  above,  such  as  that 
from  which  series  b  was  taken,  but  still  belonging  to  our  first 
stage,  a  definite  lumen  appears  in  the  anterior  part  of  the 
Miillerian  duct,  which  vanishes  after  a  few  sections.  The  duct 
terminates  in  a  point  which  lies  in  a  concavity  of  the  wall  of  the 
Wolffian  duct  (Plate  I,  Nos.  1  and  2,  series  o).  The  limits 
of  the  Wolffian  wall  and  the  pointed  termination  of  the  Miiller- 
ian duct  are  in  many  instances  quite  distinct;  but  the  outline 
of  the  Wolffian  duct  appears  to  be  carried  round  the  Miillerian 
duct,  and  in  some  instances  the  terminal  point  of  the  MtLllerian 
duct  seems  almost  to  form  an  integral  part  of  the  wril  of  the 
Wolffian  duct. 

The  second  of  our  stages  corresponds  with  that  in  which  the 
atrophy  of  the  head-kidney  is  nearly  complete  (series  d  and  h, 

Plate  II).        . 

The  Miillerian  duct  has  by  this  stage  made  a  very  marked 
progress  in  its  growth  towards  the  cloaca,  and,  in  contradistinction 
to  the  earlier  stage,  a  lumen  is  now  continued  close  up  to  the 
terminal  point  of  the  duct.  In  the  two  or  three  sections  before 
it  ends  it  appears  as  a  distinct  oval  mass  of  cells  (No.  10,  series 
D,  and  No.  1,  series  h),  without  a  lumen,  lying  between  and 
touching  the  external  wall  of  the  Wolffian  duct  on  the  one  hand, 
and  the  germinal  epithelium  on  the  other.  It  may  either  lie  on 
the  ventral  side  of  the  Wolffian  duct  (series  d),  or  on  the  outer 
side  (series  h),  but  in  either  case  is  opposite  the  maximum 
thickening  of  that  part  of  the  germinal  epithelium  which  always 
accompanies  the  Miillerian  duct  in  its  backward  growth. 

In  the  last  section  in  which  any  trace  of  the  Miillerian  duct 
can  be  made  out  (series  d,  No.  11,  and  series  h,  No.  2),  it 
has  no  longer  an  oval,  well-defined  contour,  but  appears  to 
have  completely  fused  with  the  wall  of  the  Wolffian  duct,  which 
is  accordingly  very  thick,  and  occupies  the  space  which  in  the 

frevious  section  was  filled  by  its  own  wall  and  the  Miillerian  duct, 
n  the  following  section   the  thickening  in  the   wall  of  the 
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^^■blffian  duct  has  disappeared   [Plate  11,  serifs  h,  No.  S},  and 
^Hnry   trace  of   the   Muiieiian  duct   bas   vanished  from  view. 
Tbe  'Wolffiau  duct  ia  on  one  side  in  contact  with  the  germinal 
epitbelinm. 

The  stage  daring  which  the  condition  above  described  lasts 
i)  not  of  long  duration,  bat  is  soon  succeeded  by  our  third 
t\Mf;t,  in  which  a  fresh  mode  of  termination  of  the  Miillerian 
duct  is  found.  (Plate  II,  series  i).  This  !ast  stage  remains 
«p  to  about  the  close  of  the  sixth  day,  beyond  which  our  investi- 
plioDs  do  Dot  extend. 

A  trpical  series  of  sections  through  the  terminal  part  of  the    I 
UaUeniu)  doct  al  this  stage  presents  the  foUowiug  features :  ' 

f  A    few    sections    before     its    termination     the     Miillerian 
appears  as    a    well-defined    oval   duct   lying   in   contact 
.    tae    wall    of    tbe    WolfBan     duct    on    the    one    hand 
I  the  gcTioinal  epithehum  on  the  other  (series  t.  No.   1). 
iduHy,    however,  as    we   pass    backwards,   the    Muileriaa 
t  dilates ;  the  external  wail  of  the  ^Vol£an  duct  adjoining  it 
t  grenlly  thickened  and  pushed  in  in  its  middle  part,  so 
kilnoM  to  touch  the  opposite  wall  of  tbn  duct,  and  fo  form  a 
f  in   which  the  Miillerian  duct  lies  (Plate  11,  series  i,  Nos, 
il  3).     As  soon  an  the  Miillerian  duct  has  come  to  lie  in 
I  bay  its  walls   lose  their  previous  distinctness  of   outline, 
the  cells  composing    them  assume  a  curious   vacuolated 
we.     No  well-defined  line  of  separation  can  any  longer 
i  between  the  walls  of  the  Wolffiun  duct  and  those  of 
bat   between  the  two  is  a  narrow  clear  spaca 
Itv  an  irregular  network  of  fibres,  in  some  of  the 
Jlrlrich  nuclei  are  present. 
erian  duct  may  be  traced  in  this  condition  for  a  cou- 
•-  number  of  sections,  the  peculiar  features  above  de- 
Kribt^  becoming  more  and   mote  marked  as  its  termination  is 
approached.     It  continues  to  dilate  and  attains  a  maximum  size 
io   the  KCtioD  or  so  before  il   disappears.     A  lumen  may  be 
obierred  in  it  up  to  its  very   end,  but  is  usually  irregular  in 
[lUtlini:  and  fri'quenllv  traversed  by  strands  of  protoplasm.     The 
lUerian   duct   finally  terminates  quite    suddenly   (Plate    11, 
k  I,  No.  -1),  and  in  the  section  immodiately  behind  its  ter- 
tiuQ  tbe  Wolffian  duct  assumes  its  normal  appearance,  and 
i  put  of  its  outer  wall  on  the  level  of  the   Miillerian  duct 
' — -  into  contact    with  the  germinal  epitbelium    (Plate  II, 
.No.  5). 
e  have  traced  the  growing  point  of  the  Miillerian  duct  with 
V  above  featnres  till  not  far  from  the  dnnca,  but  we  have  not 
fallowed    the  last   phases  of  its  growth    and  its  final  opening 
iaio  tbe  cloaca. 


12  p.  M.  BALFOUm. 

In  some  of  our  embryos  we  have  noticed  certain  rather  pecu- 
liar stractures^  an  example  of  which  is  represented  at  y  in  iig.  k^ 
taken  from  an  embryo  of  123  hours^  in  which  all  traces  of  the 
head-kidney  had  disappeared.  It  consists  of  a  cord  of  cells^ 
connecting  the  Wolffian  duct  and  the  hind  end  of  the  abdominal 
opening  of  the  Miillerian  duct.  At  the  least  one  similar  cord 
was  met  with  in  the  same  embryo,  situated  just  behind  the  ab- 
dominal opening  of  the  Miillerian  duct.  We  have  found  similar 
structures  in  other  embryos  of  about  the  same  age,  though  never 
so  well  marked  as  in  the  embryo  from  which  fig.  k  is  taken. 
We  have  quite  failed  to  make  out  the  meaning,  if  any,  of  them. 

Our  interpretation  of  the  appearances  we  have  described  in 
connection  with  the  growth  of  the  Miillerian  duct  can  be  stated 
in  a  very  few  words.  Our  second  stage,  where  the  solid  point 
of  the  Miillerian  duct  terminates  by  fusing  with  the  walls  of 
the  Wolffian  duct,  we  interpret  as  meaning  that  the  MuUerian 
is  growing  backwards  as  a  solid  rod  of  cells,  split  off  from  the 
outer  wall  of  the  Wolffian  duct ;  in  the  same  manner,  in  fact,  as 
in  Amphibia  and  Elasmobranchii.  The  condition  of  the  terminal 
part  of  the  Miillerian  duct  during  our  third  stage  cannot,  we 
think,  be  interpreted  in  the  same  way,  but  the  peculiarities  of  the 
cells  of  both  Miillerian  and  Wolffian  ducts,  and  the  indistinctness 
of  the  outlines  between  them,  appear  to  indicate  that  the 
Miillerian  duct  grows  by  cells  passing  from  the  Wolffian  duct 
to  it.  In  fact,  although  in  a  certain  sense  the  growth  of  the 
two  ducts  is  independent,  yet  the  actual  cells  which  assist  in 
the  growth  of  the  Miillerian  duct  are,  we  believe,  derived  from 
the  walls  of  the  Wolffian  duct. 

III. 

Oemral  Consideratiom. 

The  excretory  system  of  a  typical  Vertebrate  consists  of  the 
following  parts : — 

1.  A  head-kidney  with  the  characters  already  described. 

2.  A  duct  for  the  head-kidney — the  segmental  duct. 

8.  A  posterior  kidney — (Wolffian  body,  permanent  kidney^  &c. 
The  nature  and  relation  of  these  parts  we  leave  out  of  consi- 
deration, as  they  have  no  bearing  upon  our  present  investigations.) 
The  primitive  duct  for  the  Wolffian  body  is  the  segmental  duct. 

4.  The  segmental  duct  may  become  split  into  (a)  a  dorsal  or 
inner  duct,  which  serves  as  ureter  (in  the  widest  sense  of  the 
word)  j  and  (d)  a  ventral  or  outer  duct,  which  has  an  opening 
into  the  body  cavity,  and  serves  as  the  generative  duct  for  the 
female,  or  for  both  sexes. 

These  parts  exhibit  considerable  variations  both  in  their  struQ"* 
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lore  and  derelopmeDt,  into  some  of  which  it  is  necessary  for  as 
to  enter. 

lix  hesd-kidneyi  attaios  to  its  highest  development  in  the 
Uanipobf&nchii  (Myxiue,  Bdellostoma).  It  consists  of  a  lon- 
gitudinal c&nal,  frocQ  the  ventral  side  of  which  numerous  tubules 
lliese  tubules,  after  considerable  subdivision,  open  by  a 
number  of  apertures  into  the  pericardial  cavity.  From 
lonKitudinal  canal  a  fev  dorsal  diverticula,  provided  with 
mtoli,  are  given  off.  In  the  young  the  longitudinal  canal 
continued  into  the  segmental  duct ;  but  this  connection  becomes 
lent  in  the  adult.  The  head-kidney  remains,  however,  through 
We.  In  Teleostei  and  Ganoidei  (?)  the  head-kidney  is  generally 
briiered  to  remain  through  life,  as  the  dilated  cephalic  portion  of 
the  kidneys  when  luch  is  present.  In  Fetromyzon  and  Amphi- 
bia tlie  bead-kidney  atrophies.  In  Elaamobrattchii  the  head- 
kidney,  so  far  as  is  known,  is  absent. 

The  development  of  tlie  segmental  duct  and  head-kidney  (when 
pre«eDt)is  still  more  important  for  our  purpose  than  their  adult 
struct  ure. 

In  Uvsine  the  development  of  these  structures  is  not  known. 
Id  Amphibia  and  Teleostei  it  takes  place  upon  the  »Qme  type, 
Tiz.,  by  the  couveraion  of  a  groove-hke  invagination  of  the  peri- 
toneal epithehum  into  a  canal  open  in  front.     The  head-kidney 
18  developed  from  tbe  anterior  end  of  this  canal,  the  opening  of 
which  rtmains  in  Teleostei  single  and  closes  early  in  embryonic 
life,  bnt  becomes  in  Amphibia  divided  into  two,  three,  or  four 
openings.     In  EUamobranchii  the  development  is  very  different. 
"Tbe  first  trace  of  the  urinary  system  makes  its  appearance  as 
1  knob  springing  from  the  intermediate  cell-mass  opposite  the 
fifth  nroto-Tcrtebra.     Tliis  knob  is  the  rudiment  of  the  abdominal 
openiuff  of  the  segmental  duct,  and  from  it  there  grows  backwards 
to  tbe  Terel  of  tbe  anus  a  solid  column  of  cells,  which  constitutes 
tbe  ndimeot  of  the  segmental  duct  itself.     The  knob  projects 
(Wuds  tlie   epiblast,  and  the  column    connected  with  it  lies 
^V(«tl  tbe  mesoblaat  and  epiblast.     The  knob  and  column  do 
loI^{  remain  solid,  but  the  former  acquires  an  opening  into 
I  am  inclined  lo  give  up  tlie  view  1  rorinerly  expressed  with  rerereiice 
w twad-lddiwy anasegmentAl duet,  vti,  " tb>t  tbe<  were  to  be  regarded u 
Okgst  auttrior  ttgmeoUl  tube,  llie  peiitoiieal  opening  of  wXicb  bad 
di^ed,  and  wliicb  bad  become  proioneed  twclcwardA  so  *3  to  unc 
4iui  f^  (},(  jiotlerior  segiucDtAl  tubes,    and  pronuoiuilly  to  accept 
-  -  "■-'----    ,(  riew  wbieh  !iia  been  fully  worked  out  and  Mj 
(loc.  fit.  p.  96).    According  tu  tbii  ricw  tiio  Iiraa- 
□  be  looked  on  as  tlic  priuiilivo  and  uuBpRiiieiiteil 
fttS.  of  Uie  eicrelurj  ttitem,  more  or  leu  (imilar  to  tlic  eicrelorv  ijatem 
"     m}  Treowtode*  and  unkegmeatMl  Vermes.    Tbe  BegmBDlal  tuoei  I  rc- 
B9  a  Iralj  Mumtatnl  part  ot  the  exeretorj  ■Ttlem  acquired  si 
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the  body-cavity  continuous  with  a  lumen,  which  makes  its  appear- 
ance in  the  latter/^ 

The  difference  in  the  development  of  the  segmental  duct  in  the 
two  types)  Amphibia  and  Elasmobranchii)  is  very  important.  In 
the  one  case  a  continuous  groove  of  the  peritoneal  epithelium 
becomes  constricted  into  a  canal^  in  the  other  a  solid  knob  of 
cells  is  continued  into  a  rod,  at  first  solid,  which  grows  backwards 
without  any  apparent  relation  to  the  peritoneal  epithelium 

The  abdominal  aperture  of  the  segmental  duct  in  Elasmobranchii, 
in  that  it  becomes  the  permanent  abdominal  opening  of  the  ovi- 
duct, corresponds  physiologically  rather  with  the  abdominal  open- 
ing of  the  Miillerian  duct  than  with  that  of  the  segmental  duct  of 
Amphibia,  which,  after  becoming  divided  up  to  form  the  pores  of 
the  head-kidney,  undergoes  atrophy.  Morphologically^  however, 
it  appears  to  correspond  with  the  opening  of  the  segmental  duct 
in  Amphibia.  We  shall  allude  to  this  point  more  than  once  agaiuj^ 
and  give  our  grounds  for  the  above  view  on  p.  19. 

The  development  of  the  segmental  duct  in  Elasmobranchii  as  a 
solid  rod  is,  we  hope  to  show,  of  special  importance  for  the 
elucidation  of  the  excretory  system  of  Aves. 

The  development  of  these  parts  Petromyzon  is  not  fully 
known,  but  from  W.  Miiller's  account  ('Jenaische  Zeitschrift,' 
1875)  it  would  seem  that  an  anterior  invagination  of  the  peri- 
toneal epithelium  is  continued  backwards  as  a  duct  (segmental 
duct),  and  that  the  anterior  opening  subsequently  becomes  divided 
up  into  the  various  apertures  of  the  head-kidney.    If  this  account 

'  Id  a  note  on  p.  50  of  his  memoir  Fiirbringer  criticises  my  description  of 
the  mode  of  growth  of  the  segmental  duct.  The  following  is  a  free  trans- 
lation of  what  lie  says :  ^*  In  !Balfour*s,  as  in  other  descriptions,  an  account 
is  given  of  a  backward  growth,  which  easily  leads  to  the  supposition  of  a 
structure  formed  anteriorly  forcing  its  way  throup;h  the  tissues  behind. 
This  is,  however,  not  the  case,  since,  to  my  knowledge,  no  author  has  ever 
detected  a  sharp  boundary  between  the  growing  point  of  the  segmental 
duct  (or  Miillerian  duct]  and  the  surrounding  tissues."  He  goes  on  to 
say  that  *'  the  growth  in  these  cases  really  takes  place  by  a  differentiation 
of  tissue  along  a  line  in  the  region  of  the  peritoneal  cavity."  Although  I 
fully  admit  that  it  would  be  far  easier  to  homologise  the  development  of  the 
segmental  duct  in  Amphibia  and  Elasmobranchii  according  to  this  view,  I 
must  nevertheless  vindicate  the  accuracy  of  my  original  account.  I  have 
looked  over  my  specimens  again,  since  the  appearance  of  Dr.  Fiirbringer's 
paper,  and  can  find  no  evidence  of  the  end  of  the  duct  becoming  continuous 
with  the  adjoining  mesoblastic  tissues.  In  the  section,  before  its  dis- 
appearance, the  segmental  duct  may,  so  far  as  I  can  make  out,  be  seen  as  a 
very  small  but  distinct  rod,  which  is  much  more  closely  connected  with  the  epi- 
blast  than  with  any  other  layer.  From  Gasser's  observations  on  the  Wolffian 
duct  in  the  bird,  I  am  led  to  conclude  that  it  behaves  in  the  same  way 
as  the  segmental  duct  in  the  Elasmobranchii.  I  will  not  deny  that  it  is 
possible  that  the  growth  of  the  duct  takes  place  by  wandering  ceils,  but  on 
this  point  I  have  no  evidence,  and  must  therefore  leave  the  question  an 
open  one. — F.  M.  B. 
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i*  eonect,  Petromyzoa  presents  a  type  intermediate  betweea 
A.inptiibn  and  EUumobranchii.  In  certain  types,  viz.,  Marsipo- 
bnnchii  aoi]  Teleostei,  the  segmental  duct  becomes  Ihe  duct  for 
the  po«tenor  kidney  (sefjmentai  tubes),  but  otherwise  undergoes 
oo  farther  differentiation.  In  (lie  majority  of  types,  however,  the 
cue  i*  difTereiit.  lu  Ampbibia.^  as  has  already  been  mentiooed, 
t  aoUd  roA  of  cells  ia  split  off  from  its  ventral  wall,  which  after- 
vsrds  becomes  hoUow,  acquires  an  opening  into  the  body  cavity, 
and  fonns  the  Miillenan  duct. 

In  Elumobrancliii  the  segmental  duct  undergoes  a  more  or 
less  ftmilar  division.  "  It  becomes  longitudinally  split  into  two 
complete  dncts  in  the  female,  and  one  complete  duct  and  parts  of 
■  second  in  the  male.  The  resulting  ducts  are  the  (1)  Wolffian 
duct  dorsaUy,  which  remains  continuous  with  the  excretory 
tnbnlea  of  the  kidney,  audventrally  (2)  the  oviduct  or  Miillerian 
dact  in  the  female,  and  the  rudiments  of  this  duct  in  the  maie. 
In  tht  female  the  formation  of  these  ducts  takes  place  by  a  nenrly 
soUd  ni  of  cells,  being  gradually  spht  off  from  the  ventral  side  of 
all  bat  the  foremost  part  of  the  original  segmental  duct,  with 
the  abort  ondivided  anterior  part  of  wliich  duct  it  is  continuous 
in  front.  Into  it  a  very  ■mallporlionofthelumenofthe  original 
KgroentAl  duct  is  perhaps  continued.  The  remainder  of  the 
Mfftnental  duct  (afte-r  the  loss  of  its  anterior  section  and  the  part 
tfut  off  from  its  ventral  side)  forms  the  Wolffian  duct  The 
prooen  of  formation  of  the  ducts  in  tiu'  male  chiefly  differs  from 
that  in  the  female,  in  the  fad  of  the  anterior  undivided  part  of 
the  amDcntal  duct,  which  forms  the  front  end  of  the  Miillerian 
dnct.  being  shorter,  and  in  the  column  of  cells  with  which  it  is 
ooalintious  being  from  the  first  incomplete." 

It  will  be  seen  from  the  abore  that  the  Mullerian  duct  consists 
of  two  distinct  parts — an  anterior  part  with  the  abdominal  open- 
iofc  aod  a  posterior  pnrt  split  off  from  the  segmental  duct.  This 
doable  constitution  of  the  Miillerian  duct  is  of  great  importance 
fi^  ■  proper  understanding  of  what  takes  place  in  the  Bird. 

The  Miillerian  duct  appears  therefore  to  develop  in  nearly  the 
note  manner  in  the  Amphibian  and  Elasmobranch  type,  as  a 
solid  or  nearly  solid  rod  split  off  from  the  ventral  wall  of  the 
Kgmental  duct.  But  there  ia  one  important  difference  concern- 
ing tht:  abdiiminal  opening  of  the  duct.  In  Amphibia  this  is  a 
Dcv  formation,  but  in  E  ias  mob  ranch  ii  it  is  the  original  open- 
ing of  the  segmental  duct.  Although  we  admit  that  in  a  large 
nunbrr  of  points,  including  the  presence  of  a  head-kidney,  the 
urino-gcnital  organ*  of  Amphibia  are  formed  on  a  lower  type  than 
thote  of  the  Elasmobrancbii,  yet  it  appears  to  us  that  this  does 
not  bold  good  for  ihe  development  of  the  Miilleriaii  diiot. 
'  Fftibtingnr.  Io«.  ott. 
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The  above  description  will^  we  trusty  be  sufficient  to  render 
clear  oar  views  upon  the  development  of  the  excretory  system  in 
Aves. 

In  the  bird  the  excretory  system  consists  of  the  following  parts 
(using  the  ordinary  nomenclature)  which  are  developed  in  the 
order  below. 

1.  Wolffian  duct.  2.  Wolffian  body.  3.  Head-kidney.  4. 
Miillerian  duct.     5.  Permanent  kidney  and  ureter. 

About  2  and  5  we  shall  have  nothing  to  say  in  the  sequel. 

We  have  already  in  the  early  part  of  the  pap^  given  an  account 
of  the  head-kidney  and  Miillerian  duct^  but  it  willbe  necessary  for 
us  to  say  a  few  words  about  the  development  of  the  Wolffian  duct 
(so  called).  Without  entering  into  the  somewhat  extended  litera- 
ture on  the  subject^  we  may  state  that  we  consider  that  the  recent 
paper  of  Dr.  Gasser^  supplies  us  with  the  best  extant  account  of 
the  development  of  the  Wolffian  duct. 

The  first  trace  of  it^  which  he  finds,  is  visible  in  an  embryo  with 
eight  proto-vertebrsB  as  a  slight  projection  from  the  intermediate 
cell  mass  towards  the  epiblast  in  the  region  of  the  three  hinder- 
most  proto-vertebrsB.  in  the  next  stage,  with  eleven  proto-verte- 
brse,  the  solid  rudiment  of  the  duct  extends  from  the  fifth  to  the 
eleventh  proto-vertebra,  from  the  eighth  to  the  eleventh  proto- 
vertebra  it  lies  between  the  epiblast  and  mesoblast^  and  is  quite 
distinct  from  both,  and  Dr.  Gbsser  distinctly  states  thai  in  its 
growth  backwards  from  the  eighth  proto- vertebra  the  Wolffian 
duct  never  comes  into  continui^  with  the  adjacent  layers. 

In  the  region  of  the  fifth  proto- vertebra,  where  the  duct  was 
origiually  continuous  with  the  mesoblast,  it  has  now  become  free, 
but  is  still  attached  in  the  region  of  the  sixth  and  to  the  eighth 
proto-vertebra.  In  an  embryo  with  fourteen  proto-vertebrse 
the  duct  extends  from  the  fourth  to  the  fourteenth  proto-vertebra, 
and  is  now  free  between  epiblast  and  mesoblast  for  its  whole 
extent.  It  is  still  for  the  most  part  solid  though  perhaps  a  small 
lumen  is  present  in  its  middle  part.  In  the  succeeding  stages  the 
lumen  of  the  duct  gradually  extends  backwards  and  forwards,  the 
duct  itself  also  passes  inwards  till  it  acquires  its  final  position 
close  to  the  peritoneal  epithelium;  at  the  same  time  its  hind 
end  elongates  till  it  comes  into  connection  with  the  doacal 
section  of  the  hind-gut.  It  should  be  noted  that  the  duct  in  its 
backward  growth  does  not  appear  to  come  into  continuity  with 
the  subjacent  mesoblast,  but  behaves  in  this  respect  exactly  as 
does  the  segmental  duct  in  Elasmobranchii  (vide  note  on  p.  14). 

The  question  which  we  propose  to  ourselves  is  the  following : — 
What  are  the  homologies  of  theparts  of  the  Avian  urinogenital 
system  above  enumerated  ?  The  Wolffian  duct  appears  to  us  mor- 

^  '  Aroh.  fur  Mio.  Anat.,'  vol.  xiv. 
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leicallf  to  correspond  in  part  to  the  segmental  duot,^  or 
rurbringcr  woum  call  the  duct  of  llie  bead-kidney.     This 
^  Kem  a  paradox,  since  in  birds  it  never  comes  into  relation  with 
the  bntii-kidDcy,     Neverthelrss  we  consider  that  tliis  hotoclogy 
b  tnor|>halngicallv  etitablislied,  for  the  foJiowing  reasons  : — 
(1)  That  the  N^'olffian  duct  gives  rise  {vide  supra,  p.  12)  to  the 
"leriao  duct  af  well  as  to  tbc  duct  of  the  Wollfian  body,     h\ 
ntVKCi  it  behaves  precisely  as  does  the  segmental  doct  of 
inobraiichii  and  Amiihibia.     That  it  serves  as  the  dact  for 
^YotOUn  body,  before  the  Miillerian  duct  onginatcs  from  il, 
l»o  in  accordance  with  what  takes  |>laee  in  other  types. 
ij(S)  Th»t  it  develops  in  a  strikingly  similar  manner  to  the 
Dial  duct  of  Klasmobrancbii. 

e  slated  expressly  that  the  Wotfiian  duct  corresponded  only 
in  part  to  the  tu-guieutal  duct.  It  does  not,  in  fact,  in  our 
opituon,  correspoud  to  the  vhole  segmental  duct,  but  to  the 
'Hlal  duct  minus  the  anterior  abdominal  opening  in 
lobraiicbii,  vhicb  becomes  the  head-kidney  in  other  types. 
bet,    we    soppuse    that    the    segmental    duct    and     head- 

sy,  which  in  ihc  Ichtliyopsida  develop  as  a  single  formation, 

derdop  in  the  JJird  as  two  distinct  structures — one  of  these 
koowa  sa  the  WolHian  duct,  and  the  other  the  head-kidney. 
If  oor  view  about  the  head-kidnev  is  accepted  the  above  position 
will  hanllv  require  to  be  disputeu,  but  we  may  point  out  that  the 
only  fcatun;  tn  which  the  WoUllan  duct  of  the  Bird  differs  in  deve- 
lopment from  the  segmental  duct  ot  Elasmobranchii  is  in  the  ab- 
KBce  of  the  knob,  which  forms  the  comraenctment  of  the  segmental 
dact,  and  in  which  the  ubdomiual  opening  is  formed ;  so  that 
tbr  compariaoD  of  the  develnpment  of  the  duct  in  the  two  types 
ennfirau  the  view  arrived  at  from  other  considerations. 

The  head-kidney  and  Miillerian  duct  in  the  Bird  must  be  con- 
sidcfvd  together.  The  parts  which  they  eventually  give  rise  to 
■fto  the  ttiopby  of  the  liead-kidney  have  almost  nniversaily  been 
rrgarded  u  equivalent  to  the  Miillerian  duct  of  the  Ichthyopsida. 
By  Brwin,*  however,  who  from  his  researches  on  the  Lizard  satisfied 
fainudf  of  the  entire  independence  of  the  Miillerian  and  Wolffian 
dscta  io  the  Amctota,  the  Miillerian  duct  of  these  forms  is  re- 
garded u  a  completely  new  structure  with  no  genetic  relations  to 

•  Tbr  virws  hCTO  EXprcawd  about  the  WotlDan  duct  are  neorly  thouRh  not 
euetlTtbiMo  wliirh  nnr  nt  US  prrviouslv  put  furwicd  ('  Uriooj^euital  Orguns 
nf  Vn-trimtri  'fir  „  i.'i.ui'.  iiiul  witu  wliicli  ForbingeT  an|icars  cisFi  Ij  lo 
^.T-  I'^iUl  alter  Ilia  liew  on  tliii  point  were  he 

Vi  .  I  r-a  tn  have  diseuvcrrd.     aemper's  view 

i.eves  the  Wulffiau  duct  to oorrMpond  in 


1  d.    itcjiiilien." 
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the  Miillerkn  duct  of  the  Ichthyopsida.     Semper\  on  the  other 
hand,  though  he  accepts  the  homology  of  the   Miillerian  duct 
in  the  Ichthyopsida  and  Amniota,  is  of  opinion  that  the  anterior 
part  of  the  Miillerian  duct  in  the  Amniota  is  really  derived  from 
the  Wolffian  duct,  though  he  apparently  admits  the  independent 
growth  of  the  posterior  part  of  the  Miillerian  duct.     We  have 
been  led  by  our  observations,  as  well  as  by  our  theoretical  de- 
ductions, to  adopt  a  view  exactly  the  reverse  of  that  of  Professor 
Semper.     We  believe  that  the  anterior  part  of  the  Miillerian  duct 
of  Aves,  which  is  at  first  the  head-kidney,  and  subsequently 
becomes  the  abdominal  opening  of  the  duct,  is  developed  from 
the  peritoneal  epithelium  independently  of  all  other  parts  of  the 
excretory  system ;  but  that  the  posterior  part  of  the  duct  is  more 
or  less  completely  derived  from  the  walls  of  the  Wolffian  duct. 
This  view  is  clearly  in  accordance  with  our  account  of  the  facts 
of  development  in  Aves,  and  it  fits  in  very  well  with  the  develop- 
ment of  the  Miillerian  duct  in  Elasmobranchii.  We  have  alreaay 
pointed  out  that  in  Elasmobranchii  the  Miillerian  duct  is  formed 
of  two  factors — (1)  of  the  whole  anterior  extremity  of  the  seg- 
mental duct,  including  its  abdominal  opening ;  (2)  of  a  rod  split 
off  from  the  ventral  side  of  the  segmental  duct.     In  Birds  the 
anterior  part  (corresponding  to  factor  No.  1)  of  the  Miillerian 
duct  has  a  different  origin  from  the  remainder ;  so  that  if  the 
development  of  the  posterior  part  of  the  duct  (factor  No.  2) 
were  to   proceed  in  the  same  manner  in  Birds  and  Elasmo- 
branchii, it  ought  to  be  formed  at  the  expense  of  the  Wolffian 
{i,  e.  segmental)  duct,  though  in  connection  anteriorly  with  the 
head-kidney.     And  this  is  what  actually  appears  to  take  placo. 

So  far  the  homologies  of  the  avian  excretory  system  are  fairly 
clear;  but  there  are  still  some  points  which  have  to  be  dealt 
with  in  connection  with  the  permanent  opening  of  the  Miillerian 
duct,  and  the  relatively  posterior  position  of  the  head-kidney. 
With  reference  to  the  first  of  these  points  the  facts  of  the  case 
are  the  following : — 

In  Amphibia  the  permanent  opening  of  the  Miillerian  duct 
is  formed  as  an  independent  opening  after  the  atrophy  of  the 
head-kidney. 

In  Elasmobranchii  the  original  opening  of  the  segmental  duct 
forms  the  permanent  opening  of  the  Miillerian  duct  and  no  head- 
kidney  appears  to  be  formed. 

In  Birds  the  anterior  of  the  three  openings  of  the  head- 
kidney  remains  as  the  permanent  opening  of  the  Miillerian 
duct. 

With  reference  to  the  difficulties  involved  in  there  being 
apparently  three  different  modes  in  which  the  permanent  opening 

I  Log.  cit. 
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untTiBti  duct  is  formed,  we  would  suggest  the  following 
_        rations : 

The  history  of  the  development  of  the  excretory  system  teaches 
Df  llut  priioitivet;  the  segmental  duct  must  have  served  as 
rffenrnt  docl  b'jth  f[ir  the  generative  iiroducta  and  kidney  aecre- 
tiou  ( ju»t  as  the  \Vollfian  duct  slill  does  for  the  testicular  pro- 
ducts and  srcri-tion  uf  the  WullHaa  body  in  Elatnuobrauchii  uud 
Amphibia]  ;  and  further,  that  at  ^rst  the  generative  [iroducts 
eutcied  the  segmental  duct  from  the  abdominal  cavity  by  one 
or  more  of  the  abdominal  openings  of  the  kidney  (almost  cer- 
tainly of  the  head-kidney).  That  the  generative  products  did 
not  enter  the  si-gmenlal  dact  ai  tirst  by  an  opening  specially 
drvclopcd  for  them  uppesrs  to  us  to  follow  from  Dohra's 
prindple  of  the  transmutation  of  function  ( Functions weclisel) 
A»  a  coHM-qnence  (by  a  process  of  natural  selection)  of  the  aeg- 
BCOtal  duct  having  both  n  generative  and  a  urinary  function,  a 
Vr  diffcrcDtiftt  ion  toot  place,  hy  which  that  duct  became  split 
a  ventral  Mtiileriau  duct  and  dorsal  Wolftian  duct. 
'  The  Miillerian  duct  without  doubt  was  continuous  with  the 
ead-kidnry,  and  so  with  the  abdominal  opening  or  openings 
the  hwid-kiduey  which  served  as  generative  pores.  At  first  the 
tegmental  duct  was  probably  split  longitudinally  into  two  equal 
portions,  Imt  the  generative  function  of  the  Miillerian  duct  gra- 
dualljr  impressed  itself  more  and  more  upon  the  embryonic  deve- 
lopmeot,  ao  that,  iu  the  course  of  time,  the  Miillerian  duct 
developed  less  and  less  at  the  expense  of  the  AVolflian  duct. 
This  process  appears  partly  to  have  taken  place  in  Elasmobrancbii, 
and  still  more  in  Amphibia ;  the  Amphibia  offering  in  this 
rapMt  a  lesa  primitive  condition  than  Elasmobrancbii ;  while  in 
A»cs  it  has  been  carried  even  farther.  Tlic  abdominal  opening 
bo  doubt  also  became  specialised.  At  first  it  is  quite  possible 
that  mure  than  one  abdominal  pore  may  have  served  for  the 
geooative  pnidactai  one  of  which,  no  doubt,  eventually  came 
to  function  alone.  In  Amphibia  the  specialisation  of  the  opening 
upan  lo  have  gone  so  far  that  it  no  longer  has  any  relation  to 
toe  hr«d-kidn<-y,  and  even  develops  after  the  atropliy  of 
Ih*  bead-kidnry.  In  Elasmobrancbii,  on  the  other  hand,  the 
runr-tninal  opeiuu^  anpiars  at  a  period  when  we  should  eipect 
the  l.cad.kidney  to  develop.  This  state  is  very  possibly  tlie 
RHitt  of  a  difTrrrntiatioQ  {along  a  different  hne  to  that  in  Am- 
b)  by  which  the  head-kidney  gradually  ceased  to  become 
'  -d,  but  by  which  the  primitive  opening  (which  in  the 
nmt  of  the  head-kidney  usrd  to  be  divided  into  several 
the  body  cavityl  remained  undivided 
ninal  ajwrture  of  the  Miillerian  duct,  i 
ivc  become  diffeieutiated  along  a  third  1 
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since  in  tbeir  ancestors  the  anterior  pore  (5f  the  head-kidnej 
appears  to  have  become  specialised  as  the  permanent  opening 
of  the  Miillerian  duct. 

With  reference  to  the  posterior  position  of  the  head-kidney  in 
Aves  we  have  only  to  remark^  that  a  change  in  position  of  the 
head-kidney  might  easily  take  place  after  it  acquired  an  inde- 
pendent development.  The  fact  that  it  is  slightly  behind  the 
glomerulus  would  seem  to  indicate^  on  the  one  hand,  that  it  has 
already  ceased  to  be  of  any  functional  importance ;  and,  on  the 
other,  that  the  shifting  has  been  due  to  its  having  a  connection 
with  the  Miillerian  duct. 

We  have  made  a  few  observations  on  the  development  of  the 
Miillerian  duct  in  Lacerta  muralis,  which  have  unfortunately 
led  us  to  no  decided  conclusions.  In  a  fairly  young  stage  in  the 
development  of  the  Miillerian  duct  (the  youngest  we  have  met 
with),  no  trace  of  a  head-kidney  could  be  observed,  but  the  cha- 
racter of  the  abdominal  opening  of  the  Miillerian  duct  was  very 
similar  to  that  figured  by  Braun.^  As  to  the  backward  growth 
of  the  Miillerian  duct,  we  can  only  state  that  the  solid  point  of 
the  duct  in  the  young  stages  is  in  contact  with  the  wall  of  the 
Wolfdan  duct,  and  the  relation  between  the  two  is  rather  like 
that  figured  by  Fiirbinger  (PL  I,  figs.  14-15)  in  Amphibia. 


Notes  on  some  of  the  Rkticularian  Rhizopoda   of  the 
"Challenger"  Expedition.     By  Henry   B.  Bradt, 
F.R.S.    With  Plates  III,  IV,  V. 

I. — On  new  or  little  known  Arenaceous  types. 

The  quantity  of  material,  obtained  by  dredge  and  tow-net, 
brought  home  by  the  scientific  staflT  of  the  "  Challenger" 
Expedition  is  so  vast,  and  the  conditions  under  which  it  was 
collected  are  so  varied,  that  much  time  must  elapse  before  any 
detailed  account  of  the  results  of  its  examination  can  be  made 
public.  So  far  as  the  microzoa  are  concerned  the  mere  wash- 
ing, sorting,  and*  examining  under  the  microscope  of  so  large  a 
number  of  samples  of  the  sea-bottom,  to  say  nothing  of  the 
surface-gmtherings,  has  been  a  long  and  tedious  process ;  but 
the  time  required  for  their  complete  investigation  and  for  the 
preparation  of  the  plates  necessary  for  the  illustration  of  each 
group  of  organisms  is  likely  to  be  an  even  more  considerable 
•ouroe  of  delay.    To  no  section  of  the  work  does  this  apply 

*  Loe.  eit. 
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Rib  greater  force  than  to  t1ieRbizopoila,and  it  seems  desir- 
plo.thirrefdre,' that  some  of  th«  more  interesting  facts  aad  ia-i 
KUC(^3  which  have  been  already  acquired  should  be  made  I 
s  subject  of  a  prelimiuary  noti(;e. 

1  propose  iu  the  preseut,  and  perhaps  iu  one  or  two  sub-  | 
tqucnt  pnpcr$,  to  <{tve  a  brief,  and  in  some  respects  a 

iunal  desunption  of  certain  new  or  Httle  understood  types  < 
E  RliiEopiida,  indicating  the  lines  in  which  additions  to  our 
kowledgp  of  the  group  are  furnished  by  the  "  Challenger" 
nloctions,  rather  than  to  utlempt  anything  in  the  way  of 
nti^matic  history,  which  can  only  be  rifjhtly  done  when  the 
■ultscome  to  be  treated  collectively  and  in  detail.  1  shall 
e  myself  to  the  consideration  of  types  actually  obtained 
i  Expedition,  except  in  one  or  two  instances  in  which 
Kimenafrom  other  sources  seem  to  supply  missing  links,  or 
irise  assist  in  the  elucidation  of  morphological  pecu- 

;  list  of  observing  stations  drawn  np  and  printed  for  tha 
B  of  those  engaged  in  working  out  the  natural  history  of 
t  Expedition  extends  to  334  localities.  Some  of  these  are 
i|»re*«uie<l  by  mere  aoundings,  of  which  only  a  small  reference 
mple  of  the  bottom  was  preserved,  whilst  a  few  include 
nil  dn-dgings  made  on  the  same  or  successive  days  wilhin 
Ktricled  urea.  \nt  nnfre^uently  a  number  of  consecutive 
Agings  in  mid-ocean  at  similar  depths  are  practically 
"  al  in  their  organic  constituents,  and  again,  the 
al  characters  ol  a  certain  number  of  the  samples  are 
i  sufficiently  promising  to  warrant  the  expenditure  of 
ich  time  over  them,  so  that  it  has  been  necessary  to  make 
I  wlcclion  from  the  series.  About  fifty  dredgings,  represent- 
g  conditions  as  diverse  as  possible,  were  taken  in  the  first 
•  for  complete  exHQiination,  and  by  the  light  of  the 
iults  obtained  from  these,  further  selections  were  made 
I  itmc:  lo  time,  until  altogether  about  140  have  been 
tivety  worked  out.  By  "exhaustively"  1  mean  that 
d  or  mud  was  washed,  lo  begin  with,  on  a  sieve  of  the 
est  wire  gnuxe  (that  known  as  No.  ISO],  the  meshes  of 
ich  were  something  less  than  rlnrlh  of  an  inch  in  diameter, 
nicticaliji  it  was  found  that  what  passed  through  this  sieve 
'  r  the  most  part  veritable  mud,  composed  either  of  fine 
_  mlc  particle*,  or  of  the  impalpable  debris  of  calcareous 
a' of  one  son  or  other.  Coculitiis  were  usually  present  in 
s  finest  material,  opcasionally  also  the  frustules  of  DiatO' 
jctf,  atid  more  commonly  the  siliceous  skeletons  of  the 
IDUtv  specie*  of  Radiolaria,  but  for  the  Reticularian  Rhi^ 
it   was   of  little   value ;    not  because   it   did    no|| 
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contain  numberless  specimens^  but  because  they  belonged 
invariably  to  species  represented  plentifully^  in  the  coarser 
siftings.  When  there  was  anything  to  be  gained  by  doing 
so  it  was  examined  either  in  water  or  dry,  and  balsam 
mountings  were  made  from  it.  The  material  thus  washed 
was  sorted  by  successive  siftings,  and  worked  over  little  by 
little  under  a  power  of  about  twenty  diameters.  It  is  not 
with  the  very  minute  forms  that  we  are  concerned  in  the 
present  paper,  but  rather  with  some  of  the  larger  types,  par- 
ticularly those  which  build  for  themselves  composite  tests, 
consisting  of  sand  or  other  foreign  bodies,  more  or  less  embed- 
ded in  calcareous  cement  or  adherent  to  a  chitinous  envelope. 
Until  comparatively  recent  years  but  little  was  known  of 
the  larger  arenaceous  Rhizopoda.  The  discovery  of  Astro-> 
rhiza  limicola  by  Sandahl  in  1857  remained  unnoticed  until 
attention  was  drawn  to  it  by  the  late  M.  Sars,  and  before 
that  time  probably  Lituola  Soldanii  was  the  largest  known 
living  member  of  the  group,  whilst  amongst  fossils  the  Creta- 
ceous Lituola  {Haplophragmium)  irregulare  held  a  similar 
position. 

In  1867  the  elder  Sars  discovered  Rhabdammina  and  Sac^ 
eammina  in  deep  water  off  the  coast  of  Norway,  and  though 
neither  of  them  were  described  or  figured  in  his  memoir,^  the 
kindness  of  his  son.  Professor  G.  O.  Sars,  in  distributing 
specimens,  has  left  no  difficulty  as  to  their  identification. 
The  cruise  of  the  "  Lightning"  in  1868  and  of  the  *'  Porcu- 
pine^'  in  1869  and  the  succeeding  years,  brought  to  light  a 
considerable  series  of  types  not  previously  known.  Some 
account  of  these  may  be  found  in  Dr.  Carpenter's  'Micro- 
scope and  its  Revelations'  (fifth  ed.,  pp,  530 — 538),  and  in 
a  pamphlet*  prepared  for  a  soiree  of  the  Royal  Microscopical 
Society  of  London  by  the  same  author,  and  again  in  a  short 
^aper  on  the  Genus  Asfrorhiza,^  published  some  time  ago  in 
this  Journal.  The  most  prominent  of  the  new  genera  so 
dei^cribed  are  Pilidlum  and  BotvlUna,  together  with  a  fusiform 
type  assigned  to  Williamson's  genus  Proteonina,*  and  a 
"  Nautiloid  ZiVfWrt,"  since  named  by  myself  Cyclammina,  In 

'  "  Fortsiitte  Beinaprkuineer  over  det  dTriskc  Livs  Udbredning  i  Havets 
Dvbder."  « Videiisk..Selsk.  Forhandlinger/  lor  ISOS. 

^  •  Descriptive  Catalogue  of  Objects  from  Deep-sea  Dred^n^,  exhibited 
at  the  Soiree  of  the  Rovul  Microscopical  Societv,  King's  College,  April 
80th.  IS70.  bv  Dr.  Carpenter.  F.K  S.,  &c.' 

•  *'0u  the  Genus  Astrorhiza  of  Sandahl,  latelv  described  as  Haecke- 
liuab.v  Dr.  Hewek"  b?  W.  K  Carpenter,  M.D.'.  C  B.,  F.R.S.,  'Quart. 
Journ.  Mic.  Soi..*  N\  S.,  vol.  xvi,  pp.  221—224,  pi.  xix. 

*  Siuoc  sejiarated  from  that  genus  on  e*M)d  grounds  by  the  llev.  A.  M. 
Nornaiii  who  haa  given  it  the  name  of  Jfartipelia, 
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hi*  work  on  the  Microscope,  before  alluded  to.  Dr.  Carpenter 
de»cribe9  and  fifjures  many  other  forma  tinder  such  names 
u  "  Orbuline  Lituola,"  "Globigeriiie  Lituola,"  "Orthoce- 
riae  IJtuoU,"  and  ibe  like.  It  is  much  to  be  regretted  that 
many  of  these  which  represent  important  genera,  have 
nvTrr  b«cn  adrijuately  illustraleil,  so  that  they  are  but 
little  known,  except  to  the  fen  who  possess  verified  speci- 
mens. Some  of  tbem  might  very  properly  have  been 
trpKted  in  the  present  paper,  for  with  one  ur  two  exceptions 
they  all  have  been  found  in  the  "  Challenger"  material,  but 
the  limited  apace  available  for  figures  is  already  crowded 
with  forma  for  the  most  part  even  less  knowu  than  they  are. 
After  all.  il  ie  only  a  few  out  of  a  large  number  of  new 
"^  im  that  can  be  alluded  to  in  a  brief  notice  of  this  sort, 
liie  nhject  has  been  to  select  salient  types,  and  leave  the 
rroediate  forms  for  the  more  extended  memoir  which 
II  be  fornitfaeil  in  the  official  account  of  the  "  Ciiallenger" 

The  '  Introduction  to  the  Study  of  the  Foramiiiifera,' 
by  Dr.  Carpenter  and  Messrs.  Purkcr  anil  Rupert  Jones, 
ii>B)  be  accepted  as  ihe  epitome  of  our  knowledge  of  the 
Order,  lo  fiir  at  least  as  it  depends  on  the  minute  structure 
of  (heir  irKtH,  at  the  time  of  iis  publication  in  186^.  In  this 
work  the  arenaceous  types  constitute  the  family  Lituolida, 
and  ate  di&iiibtited  under  three  generic  heads — Lituola, 
TrocAantmina,  and  Valculina.  Liluola  is  characterised  as 
having  a  Xvl  tnn^h  and  sandy  on  the  exterior,  the  interior 
flf  the  chambers  being  either  simple  and  undivided  or  laby- 
tinihic.  lyoekamitina  is  distinguished  by  the  finer  mate. 
Iccted  fur  the  construction  of  the  test  and  the  larger 
irtion  of  calcareous  or  ferruginous  cement  used  in  ibeir 
iralion.  The  shell-structure  in  Valeulina  is  described 
open  to  variation,  usually  rough  and  sandy  as  to  its 

,  but  sometimes  revealing    a  perforate,    calcareous, 

abrtly  b^sis  beneath, and  the  iriserial  arrangement  of  the  cham- 

ben  ia  accepted  as  the  moat  noteworthy  character  of  the  genus. 

I'rofesioi  Itcoi^s,  wriliug  about  the  same  time,  whilst  ad- 

'iting  the  ditficultlea  of  the  position,  proposes  to  divide  the 

what   un^vieldy   group  included  in  the  genua  Lituola 

lagliah  systematists ;  and,  tis  a  matter  of  convenience, 

wu  rirn  then,  no  doubt,  muuh  to  be  said  in  favour  of 

view.     In  his  latest  work,'  published  after  his  death,  ho 

ide*  the  family  l.lTUm.lDBA  of  his  classification,  which  is 

Vftrciiiy  coextensive  trith  the  g<^nux  Liluola  of  the  "  IntrodiiC' 

"*     "    iuto   four  ||«nern — Polt/phragma,  Haplophragmi\ 

Dm  £lbtUg«bc^  in  SaeliMn,'  !Ur  Ttivd,  p.  119,  IS71. 


I        naU  selcc 
^^nportioi 
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Lituola  (proper)^  and  Haplostiche.  These  will  be  considered 
at  a  later  stage  when  the  Lituoline  forms  are  spoken  of  more 
in  detail.  It  will,  however,  become  manifest  as  we  proceed 
that  neither  of  these  schemes  are  any  longer  applicable  to  the 
purpose  for  which  they  were  devised,  and  the  more  recent  sug- 
gestions of  Prof.  Zittel^  and  Prof.  T.  Rupert  Jones*  scarcely 
satisfy  the  exigencies  of  the  present  position.  How  far  the  cha- 
racters on  which  these  and  other  previous  classifications  are 
based,  may  be  of  service  for  the  rearrangement  of  the  group, 
with  its  enlarged  boundaries,  will  be  determined  as  we  go  on. 

It  is  not  altogether  satisfactory  to  have  tu  depend  solely 
upon  the  structure  and  conformation  of  the  external  skeleton 
or  test  for  distinctive  characters.  There  can  scarcely 
be  a  doubt  that  the  sarcode  bodies  of  animals  varying  so 
much  in  their  external  features  must  have  important  dif- 
ferences. The  researches  of  B.  Hertwig,  on  the  animal  of 
Miliola  and  Rotalia,^  and  those  of  F.  E.  Schufee*  on  Poly- 
stomella  and  Lagena,  permit  no  longer  the  belief  that  the 
Reticularian  Bhizopoda  consist  of  mere  masses  of  undifferen- 
tiated protoplasm,  and  a  wide  field  of  investigation  is  thereby 
opened,  in  which  the  employment  of  chemical  reagents,  in 
conjunction  with  the  higher  powers  of  the  microscope,  may  be 
expected  to  yield  a  harvest  of  hitherto  unnoted  facts.  But, 
for  these  methods  of  research  the  fresh,  if  not  the  living 
animals,  can  alone  be  used ;  material  long  preserved  in 
alcohol,  as  the  "Challenger'*  dredgings  have  necessarily  been, 
furnishes  only  the  knowledge  derivable  from  the  harder 
tissues  and  the  portions  rendered  permanent  by  inorganic 
constituents. 

There  is  one  question  to  which  attention  must  for  a  moment 
be  directed  before  entering  upon  more  strictly  morphological 
considerations,  namely,  the  chemical  composition  of  these 
arenaceous  tests.  It  is  not  often  that  specimens  of  any 
single  species  of  recent  Foraminifera  can  be  obtained  in  suf- 
ficient quantity  for  reliable  analysis,  but  amongst  a  few  of 
the  larger  arenaceous  forms  this  can  occasionally  be 
done.  The  dredged  material  from  the  "  Challenger" 
Station  No.  122  (off  Pernambuco),  contains  Hyperammina 
elongata  in  considerable  abundance,  and  in  No.  24  (off 
Culebra  Island,  West  Indies)  Cyclammina  cancellata,  is  one 
of  the  most  prominent  Bhizopods.     No  better  examples  than 

*  •  Handbuch  der  Palaontologie/  1  Band,  1  Lieferung,  1876. 

*  •  Monthly  Micro.  Joum.'  (Feb.,  187C),  No.  86,  p.  89. 

*  '*  Bemerkungen  zur  Organisation  und  systematischen  Stellung  der 
iy>nuiiuiiferen,'*  'Jenaisebe  Zeitscbr.  fur  Naturwiss.,'  vol.  x,  p.  42,  pi. 
«,  1876. 

«  'Axehif  fur  mikr.  Anat.,'  vol.  xiii,  1876. 
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thece  could  bnre  been  chosen  far  chemical  in  vea  ligation,  for  \ 
tht  one  reprenents  a  very  sandy  non-lnbyrinthic  type,  usually 
but  little  culouted,  the  other  a  finely  cemented  form  with 
■mooth  exterior,  haviog  its  chamber-cavities  filled  with  can- 
cellated shelly  gronths  of  deep  browD  colour.  Buth  species 
are  of  consideriilde  size,  and  about  a  gramme  by  weight  of 
tach  waa  nith  some  little  trouble  collected  for  analysis.  I 
have  had  the  advantage  of  the  assistance  of  my  friend  Mr. 
J .  T.  Dunn,  B.  Sc.,  Demonstrator  in  the  Chemical  Laboratory  ' 
of  the  College  of  Physical  Sciecce  in  Newcastle,  in  this  [lor- 
liwB  of  iny  work. 

The  t[K-ciinens  were  thoroughly  washed,  in  the  first  place, 
lo  free  them  from  soluble  saline  matter,  after  which  the 
knilytis  of  Sffperammina  ehngata,  gave  the  following 
molt: 


D  iguitioD  (oi^anio  matter  and  CO,) 
At  of  iroD  with  •  little  alumiuB 


92-5 


I  Treated  in  the  same  way  the  tesis  of  Cyclammina  t 
t  yielded  ns  follows: 

Inu  OD  ijpution  (organic  matter  and  CO,)       .  71 

Silica SO-5 

.  PcTOiide  uf  iron  wtik  a  little  alumius              .  S*9 

Lime 2-9 


Perbap*   the    most  noteworthy   fact  conveyed   by   these 

fi^re*   is  the  large  proportion  of  ferric  oxide  the  tests  of 

bi'lh  Bpe«ieB,  but  cspecinlly  of  Cijdammina,  contain.     The 

irtio  is  pri-M^t  as  peroxide,  not  as  silicate  or  phosphate,  and 

tite  red  colour  uf  the  shells  is  retained  or  even  brightened 

aftrr  ignition.     Hyperammina  gave  no  phosphoric  reaction 

wliaievcr,  and  in    Cyclammina  the  trace  of  phosphates  was 

^^Uuppteciable.      It  has  benu  a  matter  of  debate  what  the  red- 

^^^Eown   lint   of    the   tests  of    the   arenaceous    Rhi/opoda   is 

^^Hbcerttiined  by,  but  so  fnt  ns  these  two  species  are  concerned 

^^lwm>e  ran  be  no  longer  any  doubt.     At  the  same  time  it  must 

not  be  trgaidrd  ax  proved  that  iron  invariably  fumishea  the 

utoaring  mati»  of  the  iuvestmcut  of  Foraminifera.     I  am 

*  Alpteaerit  inclined  to  believe  with  Dr.  Waltich  that,  in  some 

■fbelled,  calcareous  and   cliitinuus   forms  at   teaat,  the 

^D  sUin  ii  of  organic  origin. 
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The  precise  way  in  which  the  siliceous  sand -grains  are 
held  together  and  the  nature  of  the  cement,  if  there  be  any 
true  inorganic  cement,  are  points  not  easy  to  determine  ; 
different  genera  probably  differ  widely  in  these  particulars. 
The  very  small  percentage  of  calcareous  matter  in  proportion 
to  the  silica,  in  both  of  the  above  analyses,  is  a  remarkable 
fact,  and  one  that  scarcely  accords  with  the  idea  that  the 
siliceous  material  is  incorporated  by  carbonate  of  lime^  as 
generally  set  forth. 

The  smooth  tests  of  the  various  species  of  Trochammina 
have  been  supposed  to  contain  the  largest  amount  of  calca- 
reous matter  in  proportion  to  siliceous  or  other  embedded 
constituents  of  any  of  the  arenaceous  Foraminifera ;  but  at 
great  depths,  for  example  at  3000  to  4000  fathoms  in  the 
North  Pacific,  specimens  of  Trochammina  {Ammodisctu)  in- 
carta  are  found,  the  most  delicate  of  which  will  bear  treat- 
ment with  nitric  acid  without  material  change.  Nor  is  this  an 
isolated  fact.  I  have  before  me  some  specimens  of  LUuola 
{Reophax)  nodulosay  obtained  near  the  Antarctic  Circle 
(Station  156, — 1975  fathoms),  of  large  size,  that  is  to  say^ 
ranging  from  half  an  inch  to  an  inch  or  even  more  in  length, 
and  stout  in  proportion.  One  of  these  has  been  digested 
for  a  considerable  time  in  nitric  acid  with  the  assistance  of 
heat,  until  everything  soluble  was  removed,  yet  it  still  re- 
tains its  form  unimpaired,  aud  has  sufficient  solidity  to  bear 
handling ;  indeed,  the  only  change  apparent  to  the  naked 
eye  is  the  alteration  of  colour  from  dark  brown  to  dirty 
white.  It  is  clear  that  in  this  case  the  cement  was  neither 
calcareous  nor  ferruginous.  In  a  later  paper  I  shall  be  able 
to  show  that,  under  certain  conditions,  true  MilioUe  are  to  be 
met  with  in  which  the  test  is  thin,  homogeneous,  and  purely 
siliceous — so  completely  siliceous  that  no  effervescence  can  be 
detected  when  the  shells  are  placed  in  acid  under  the  micro* 
scope.  It  was  long  since  demonstrated  that  the  tests  of 
Trochammin<By  living  in  brackish  water,  are  non-calcareous, 
though  they  retain  to  a  great  extent  their  normal  sandy 
exterior,  and  that  one  of  the  Miliolce  under  similar  conditions 
has  a  thin,  brown,  sandy  investment.  In  both  these  cases 
the  sand-grains  are  embedded  in  a  chitinous  envelope  and  do 
not  depend  on  any  mineral  cement.  From  such  facts  it 
becomes  evident  that  carbonate  of  lime  and  peroxide  of  iron, 
though  secreted  to  a  greater  or  less  extent  by  many  arena- 
ceous Rhizopods,  are  by  no  means  necessarily  the  cementing 
material ; — that  a  chitinous  envelope  or  external  layer  of 
altered  protoplasm  may  be  the  basis  to  which  the  sand-grains 
are  adherent  or  in  which  they  are  more  or  less  embedded  ;-^ 
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ifitly.  OS  it  can  he  abown  thac  Foramiaifera  have  th« 
r  of  srcieling  silica  even  lo  the  extent  of  forming  a 
^uou8  shelljr  iovestment,  the  easiest  esplanalion  of  the 
/lat  to  miDy  composite  tests  sre  not  disintegrated  bjr 
^dnn  of  acids,  lies  in  the  supposition  that  secreted  silica 
»  more  or  less  into  their  compnsilion.  At  the  same  time 
■  quiiv  clear  tbM  the  precise  nature  of  the  iavestment 
normall}'  arenaceous  types  is  a  matter  depending 
fAy  on  external  or  accidental  circutn  stances. 
_lw  fuller  consideration  of  these  and  kindred  matters  will 
'hW  Daiurally  iu  the  description  of  the  organisms  in  which 
lh«;  form  characteristic  features,  so  that  without  further 
pKUCft  WB  may  proceed  lo  a  review  of  the  more  interesting 
Jonna  belon^ng  to  this  particular  group  of  Rhizopods. 

PtAMMosriLERA  Ffsct,  F.  E.  Schulze.     PI.  IV,  figs.  1,  £. 

F.  E.  Schtilie.  1S71.  II.  Jihresberirbte  d.  Kotnm. 
Unttnnch  d.  deulMh.  Meerc  in  Kiel,  p.  113,  pL 
ii,  ««.  B,  a-V- 

a  ia  on*  of  the  simplest  of  the  arenaceous  Foraminifera, 

Ithnugh  small  specimens  arenoluncommun  in  deep  water, 

■ainrd  undcftCTibed  until  the  publication  of   Professor 

»e'«  memoir  in  the  North  Sea  researches  above  quoted. 

r  twelve  tears  ago  I  found  it  in  considerable  abundance 

e  of  the  "  Bulldog"  soundings  obtained  by  Dr.  Wallich, 

r  TprtrJmeti!  were  all  very  small,  and  it  was  then  difficult 

■'i   y  were  Foraminifira  ornot.   It  has  been 

r  that  the  tests  of  the  arenaceous  Rhixo- 

>  iinjierforale  :  in  other  words,  that  except 

I    11*  pteudopodial  orifice  the  investment  is 

!  the  (act  of  these  specimens  having  no  genera! 

tor*  aarineil  to  throw  doubt  upon  their  nature.      But  it 

Hifent  thnt  the  term  "  imperforate  "  ia  only  applica- 

'      '         <  )>et  of  genera,  aud  that  some  at  least  of 

'■c  more  or   less   porous   leBts,  though, 

.l:trilies  of  the  surface  and  their  rough 

-  .ire  (raced  with  difficulty. 

ti'j  iltiiiiption  of  the  sjiecies    is   quite  accurate  as 

I  lo  large  »p«Timrn8,    They  are  spheroidal  bodies,  from 

f  §uat  millini.  (]^  to  f  inch)  in  diameter,  without  any 

m  viaible  tu  the  naked  eye,  commonly  free,  but  occa- 

Nitt  to  siDall  stones.  The  test  itself  is  from  '25  to 

pit)  and  is  compo.ted  ofcoarst^  sand. grains,  united 

T  fine  i«xture  and  of  characteristic  grey-brown 

WhiUi  (he  exterior  is  more  or  less  rongh,  owing  to 
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projecting  sand-grains  or  fragments  of  stone,  the  interior  is 
throughout  even  and  smooth. 

The  tendency  of  the  animal  to  attach  itself  to  foreign 
bodies  is  revealed  in  many  different  ways ;  sometimes  a  frag- 
ment but  little  smaller  than  the  remainder  of  the  test,  is  built 
into  the  wall;  in  other  cases  the  shell  is  erected,  tent-like,  upon 
a  stone.  In  one  of  the  ''Challenger"  dredgings  (Station  1^2 — 
850  fathoms,  off  the  coast  of  Brazil)  minute  specimens  are 
very  common,  and  in  a  large  proportion  of  them  the  test  is 
built  upon  or  around  a  sponge-spicule.  One  of  these,  with 
the  side  partially  ground  to  show  the  interior,  is  represented 
in  PI.  II,  fig.  2. 

It  is  somewhat  remarkable  that,  notwithstanding  the  thick- 
ness of  the  test  and  its  rough  composite  texture,  these  sandy 
spheres  are  quite  translucent  when  fresh,  and  they  retain 
their  character  for  a  long  period  if  preserved  in  glycerine  or 
diluted  alcohol. 

The  specimens  described  by  Professor  Schulze  were  found 
in  mud,  from  depths  of  100  to  200  fathoms,  in  the  North 
Sea,  but  the  species  is  of  not  unfrequent  occurrence  in  the 
''  Challenger  "  material  from  stations  both  in  the  North  and 
South  Atlantic  and  in  the  North  Pacific,  at  depths  varying 
from  250  to  2740  fathoms,  In  the  deeper  dredgings  the 
examples  are  invariably  small. 

Psammosphcera  fusca  may  also  be  added  to  the  list  of 
British  species,  as  it  occurs  in  sands  dredged  in  Loch  Scavaig 
(Skye)  from  45  to  60  fathoms. 

Gc«w«— SOROSPH^RA,  nov. 
{<T(M)p6^,  heap ;  a^ac/oa,  a  sphere.) 

SOROSPHJERA  CONFUSA,  tl.Sp,      PI.  IV,  figS.  18,  19. 

Characters. — Test  free,  irregular ;  consisting  of  a  number 
of  convex  or  spliseroidal  chambers,  either  discrete  or  more  or 
less  embracing,  irregularly  crowded  together.  Walls  thin, 
loosely  arenaceous  in  texture.  General  aperture,  none. 
Long  diameter  of  large  specimens,  ^  inch  (4*5  millim.). 

There  is,  so  far  as  I  am  aware,  no  recognised  genus  in 
which  the  large  irregular  pol}  thalamous  Rhizopods,  with 
characters  somewhat  roughly  indicated  in  the  foregoing  de- 
scription, can  be  properly  placed.  One  of  their  most  striking 
features  is  the  absence  of  any  general  aperture.  In  none 
of  the  specimens  I  have  met  with  can  any  definite  general 
pseudopodial  orifice  be  detected.  One  or  two  of  them  have 
a  sort  of  crack  or  fissure  in  the  depression  between  two  of 
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ibe  segments,  but  it  appears  to  be  the  result  of  accident, 

and  the  specimens  are  not  otherwise   complete.      If  this  be 

^^fet  eomuti  cnndiliou  of  Ibe  test,  and  it  may  be  assumed  thnt 

^Hb^  it  ifould  suggest  a  near  affinity  to  tbe  genus  Psammo- 

^^^^ru.     That  tlie  rompurn  lively  ttiick   and  well-cemented 

^^Bkof  PiammoxpfuKra  affordg  free  pnssagefor  the  sarcode  in 

llw  form  of  pt>eu  do  podia,  witliout  any  general  Hpptlure,  is  a 

well-atci-tuiined  fact,  and  there  can  he  no  difficulty,  therefore, 

in  tnppoeing  that  Sorospluera  with  its  thinner  shell  of  open 

psuular  texture  does  tbe  same;  in  point  of  fact,  these  two 

|rroeii>  are  iu   very  simitar  position  (n  some  of  ihe  hyabne 

caWrroufl  Foraminifera,  sucb  aa  Orhulina,  which  depend  on 

Biaute    forBtnina  rather  than  on  a  large  central   oritice  for 

ike  neaus  ol  extending  their  sarcoile  beyond  the  limits  of 

ibe  ^arei tier- cavities.     I  have  long  been  convinced  that  tbe 

ue  of  the  words  "  Perforate  "  and  "Imperforate,"  as  a  class 

iHstinction  amongst  tbe  Foraminifera,  is  an  untenable  one, 

>D<1  these  types  are  sufficient  evidence  that  tbe  arenaceous 

fonns  at  any  rate  are  not  necessarily  imperforate. 

In  some  g««era  of  Foraminifera,  Cristellaiia,  for  example, 
tpecimttns  may  be  found  in  which  the  Btoloiiiferous  tubes 
■nitiog  tbe  chamber-cavities  are  distinct  from  tbe  radiate 
•rificva  that  have  in  succession  served  as  the  general  aper- 
tnrej  but  such  case  are  rare  and,  as  a  rule,  the  general 
spenureof  the  terminal  chamber  forms  the  passage  connect- 
ing it  with  the  cavity  of  the  segment  next  formed.  It 
taSluw*,  therefore,  thnt  in  a  poly  tb  alamo  us  test  like  Soro- 
ipA^ra,  ID  which  there  is  no  external  geueral  aperture,  the 
««rcode  segnieiils  cannot  be  connected  by  stolons,  and  unless 
ibc  potrf  of  the  contiguous  charober-walls  serve  the 
of  ttol^niferouB  passages,  the  individual  chambei 
«  H^rate  rather  than  a  corporate  existence.  We  know, 
however  that  the  sarcode  of  perforate  Foraminifera  spreads 
itself  firtvly  over  the  surface  of  tbe  tibell  before  extending 
iu«lf  tn  pMudopodial  filaments,  and  there  can  be  little  doubt 
that  the  interstices  amongst  the  sand-grains  of  tbe  contiguous 
*r-WHll«   r.f  sufficient  to  afford   free   communication 

:    any    general  aperture    may  be   held  to 

^ular  growth  of  the  test  and  the  want  of 

_._.   ..^  .  ...    :i:;;ments,  for  it  is  clear  that  if  the  proto- 

ekuiitis  at  nil  point*  of  tbe   surface,  a  fresh  chamber 

may  he  formed  wbi-never  sufficient  has  collected  at  one  spot 

to  aqpcgatc  iUelf  into  a  mass  of  the  requisite  size. 

The  •pMim«-u  figured  (PI.  IV,  fig.  18)  is  tbe  largest,  and 
4Mt  the  whole  the  best,  thnt  has  hitherto  been  found.     In  (-  - 


s  purpose 
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of  the  "  Challenger  '*  dredgings  the  species  is  by  no  means 
uncommon^  but  owing  to  the  loose  crumbling  character  of 
the  test,  nearly  every  specimen  is  more  or  less  broken  and 
much  in  the  condition  of  that  represented  in  fig.  19  of  the  same 
plate.  A  number  of  individuals^  apparently  belonging  to  the 
same  species,  have  been  met  with^  bearing  only  three  or  four 
segments.  These  arc  generally  of  smaller  size,  and  are  com- 
posed of  finer  sand-grains;  the  segments  have  the  normal 
globular  shape,  but  they  are  more  symmetrically  arranged. 

The  distribution  of  Sorosphara  conftisa  appears  to  be 
somewhat  local,  but  in  areas  wide  apart.  It  occurs  amongst 
the  ''Challenger'^  gatherings  at  one  station  in  the  North 
Atlantic  (off  the  Azores,  900  fathoms),  at  one  in  the  South 
Atlantic  (off  Buenos  Ayres,  1900  fathoms),  and  at  two  points 
near  together  in  the  Morth  Pacific  (2050  and  2900  fathoms 
respectively),  and  I   have  also  met  with  it  in  one  of  the 

Porcupine  "  soundings  in  the  North  Atlantic. 


it 


G?ent«— PELOSINA,  nov. 

(irjjXrfci  mud.) 

General  Characters. — Test  free,  one-  or  many -chambered^ 
with  walls  composed  of  a  thick  layer  of  mud,  terminating  m 
an  elongate  chitinous  neck. 

Pelosina  variabilis,  n.  sp.  PI.  Ill,  figs.  1,  2,  S. 

Characters. — Test  consisting  of  a  single  chamber,  or  of 
several   independent    (?)   chambers    irregularly   associated. 


extended  beyond  the  body  of  the  test  as  a  sort  of  neck. 
Aperture  terminal.  Size  of  the  individual  segments  variable^ 
sometimes  I  inch  (8  inillim.)  or  more  in  length. 

It  is  not  easy  to  determine  with  any  certainty  the  affinities 
of  the  shapeless  or  irregularly  shaped  muddy  organisms 
which  have  been  placed  together  under  the  generic  name 
Pelosina.  That  they  are  inhabited  by  sarcode  animals  is 
known,  but  what  common  characters  they  may  have,  suffi- 
ciently permanent  and  distinctive  to  serve  as  the  basis  of  a 
zoological  group — generic  or  even  specific — is  not  so  manifest. 
Of  the  larger  Rhizopoda,  perhaps  Astrorhiza  limicola  pre- 
sents the  nearest  parallel  in  the  employment  of  indiscrimi* 
nate  mud  as  the  material  for  the  construction  of  its  invest- 
ment! and  the  same  species  presents  an  example  of  the  com- 
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Ui»B  •b«ence  of  any  kind  of  cement  or  other  ineorporating 

Bum  for  the  cxlrsDeous  mailers  which  are  u^ed  in  forniiug 

■«lls.     Hence  the  test  is  soft  and  crumbling  and  ihe 

■  stri!i)glb  is  oblained  by  increased  thickness,  and 

I  upver  comuuct  enough  in  texture  to  be  spoken  of  as  a 

Vw." 

"hat    the  precise  nature  of    the  membranous  tubular 

iDUgatioDB  of  the  test  may  be,  whether  they  are  part  of  a 

■iUi  chitinous  envelope  or  merely  the  superticial  portion 

arrode  in  a  somewhat  altered  condition,  has  not  been 

totilj   deteraiined.     The    genus    Astrorhiza    again 

ta  US  with  the  nearest  parallel.     The  specimen  of 

H/a(Pl.rV,fig.lS)haBtubularmenibraaous  extensions 

I  the  end«  of  the  branches,  not  always  simple,  as  in 

MiMd,  but  usually  bifurcating  ;  and  in  a  large  undescribed 

I  of  the  former  genus  of  which  I  have  a  specimen, 

^  d  by  Mr.  F.  M.  Balfour  in    the  North  Sea,  a  con- 

rable  portion  of  the  body  of  the  animal  has  a  membranous 

liatiRrat,  only  slightly  sprinkled  with  saud-grains  or  mud. 

!•«  facts  tend  to  indicate  that  Peloti'na  should  have  a 

p1ac«  \CTy  near  to  Attrerhiza  in  the  loologiral  series. 


The   best  specimens  of  Pelotina    variabilis  i 


>ngst  the 


"  Challenger'   deep-sea  spoils  are  from  a  sounding  on  the  east 
^^^  wf  New  Zealand,  in  1100  fathoms,  but  single  specimens 
I  l»c«n  met  with  in  several  other  localities. 

PiCtOSINA  BOTCNDATA,  «.  sp.  PI.  Ill,  figS.  4,  5. 

!(trt. — Test  consisting  of  a  single  fiask-shaped  or 
rum  chamber,  with  produced  tnembranous  neck.  Walls 
oompowd  of  muddy  G^di^mna-ooze.  Diameter, -rrth 
(2  milUm.). 
liis  Rprcies  dilTeTS  from  P.  cariabilia,  in  that  it  consists 
Ibrmly  of  a  single  suhglobiilnr  or  pyriform  chamber,  and 
fbai  it  i»  usually  of  smaller  dimensions.  The  walls  are  rela- 
tirely  vety  thick,  and  are  composed  of  soft,  greyish-white, 
"■aJdy  material,  with  scarcely  any  incorporating  cement.  It 
^^~  irally  follows  that  the  central  cavity  occupies  bm  a  very 
)  proportion  of  the  entire  bulk  of  the  test. 

rotandata  appears  to  l>e  essentially  a  North 
.  bntic  species.  Amongst  the  "Challenger"  dredgings  I 
i»v»  ooly  found  it  from  one  station,  namely,  off  the  Azores, 
in  1675  fathoms,  but  it  occurs  in  one  of  the  "  Porcupine" 
mdiDga  in  much  shallower  water,  lOi)  fathoms. 
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Genii*— HYPERAMMINA,  Brady. 

General  characters. — Test  free  or  adherent,  elongate^ 
tubular ;  primordial  end  closed  and  rounded ;  opposite 
extremity  open  and  unconstricted,  forming  the  general  aper- 
ture.    Texture  arenaceous,  interior  smooth. 

Htpbrammixa  exongata,  Brady. 

Hyperammitui  elomgaiay  1S73.  '  Aniuls  ud  Ma^.  Nmt.  Hist.,'  Ser.  5,  rol.  i. 

p.  «:i,  pL  iO.  dg.  j  a,  i. 

Characters. — ^Test  free,  in  the  form  of  a  straight,  or  nearly 
straight,  unbranched,  tapering  tube ;  the  wide  end  closed  and 
rounded,  the  narrow  end  constituting  the  general  aperture. 
Exterior  either  loosely  sandy  or  compact  and  smooth,  rarely 
polisht^d.     Length  up  to  \  an  inch  or  more  (15  or  16  millim.}. 

Amongst  the  dredgeil  sands  brought  home  by  Capt.  Feilden 
from  the  recent  North  Polar  Expedition  were  one  or  two 
specimens  of  this  somewhat  striking  type.  Compared  with 
examples  from  less  boreal  latitudes  they  are  very  small  and 
not  such  as  can  be  regarded  as  ayerage  representatives  of  the 
s|>ecies,  and  for  this  reason  the  drawings  which  accompany 
the  description  of  them,  though  quite  accurate,  must  be 
accepted  with  some  allowance  until  a  series  of  more  charac- 
teristic figures  can  be  furnished.  The  type  was  by  no  means 
unknown  prt'viously,  inasmuch  as  fine  specimens  had  been 
found  in  drtnlginsjs  made  by  the  statF  of  the  "  Porcupine"  in 
the  North  Atlantic,  and  in  material  obtained  by  the  •*  Chal- 
lengt^r^'  iit  various  stations  both  in  the  North  and  South 
Atluntio  «nd  in  the  North  and  South  Pacific. 

The  texture  of  the  test  in  Hup^ammiNa  elongata  is  some- 
what variable.  In  largv  s|>ecimens  it  is  usually  loose  and 
sandy«  but  the  sand-grains  being  fine  and  of  nearly  even  sire, 
the  exterior  is,  notwithstanding*  tolerably  smooth.  Small 
individuals  are  generally  much  longer  in  proportion  to  their 
diameter  than  the  larmier  ones  ;  they  are  often  darker  coloured, 
and  their  exterior  is  usually  quite  smooth  or  even  polished. 
The  interior  in  all  cases  is  snuHuh  and  often  stained  brown, 
either  by  animal  secretion  or  by  the  adherent  remains  of 
dark  colourtnl  saroxxlo.  This  colourjilion  is  quite  distinct 
from  the  general  yellowish  hue  of  the  test,  which  is 
determined  by  the  pn^sence  of  small  quantities  of  per- 
oxide of  iron.  .\s  has  bt*en  Wfore  stated,  the  geographical 
distribution  of  llyperammina  ^lon^ata  is  very  wide,  and  this 
is  equally  true  of  its  bathymetrical  range,  but  though  the 
species  has  been  met  with  at  depths  up  to  :^600  fathoms,  the 
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t  sp«cim«is  have  been  found  in  dredging:8  from  300  to 
MO  fathoms. 

Htpkkamkiua  rajiosa,  «.  sp.  PI.  Ill,  figB.  14,  15. 
Character*.— Teat  free;  consisting  of  a  subglobular  pn- 
mordiKl  chimbei  with  a  tubular  extensioD.  Tubular  por- 
tion brancbetl;  relntively  wiije  al  its  commencement,  but 
Dirrowing  as  it  becomes  divided.  Texture  usually  loosely 
trcnaccouB ;  exterior  rough,  ofteo  beset  with  spouge-spicules. 
Len^  indefiiiite. 

This  organism,  though  manifestly  allied  to  the  typical  form 
luk  deacribed,  differs  from  it  in  several  important  particulars. 
The  test  never  attains  the  same  dimensions  as  the  larger 
namples  of  Bypvrammina  elonijata.  The  texture  is  gene* 
rally  coane,  and  the  surface  is  commonly  rough,  or  even 
liiipid.with  the  sand-grains  and  partially  incorporated  sponge- 
(picates  used  as  building  material.  Instead  of  tapering 
Dniformly  from  the  rounded  end,  the  test  is  constricted  near 
tti  commencement,  so  as  to  form  a  more  or  less  bulbous  pli- 
mordiai  chamber.  The  tubular  limb  issuing  from  this  is 
brancbvd  instead  of  simple,  wide  at  6rst,  but  narrowing  as  it 
becomes  more  and  more  divided.  The  finer  ramifications  are 
exoecdiogly  thin  and  fragile,  and  it  is  impossible  to  say  what 
length  Ihey  may  attain. 

The  distribution,  both  geographical  and  balhymelrical,  of 
Ufptranuaina  ramoea  is  very  similar  to  that  of  H.  elougata 
alrvsdj  described.  The  two  species  are  very  often,  though 
by  no  means  invariably,  found  in  the  same  batches  of 
drtdged  tnalerial.  Fragments  of  delicate  branching 
■rcoAoeous  tube*  belonging  to  this  or  some  analogous  form 
exceedingly  common  in  deep-sea  material,  though  they 
cannot  be  identified  with  certainty. 

HTTEKAMUtKA  VA0AN9,  Tl.  ap.  PI.  V,  fig.  3. 

aracUr$. — Test  more  or  less  adherent ;  consisting  of  a 

primordial  chamber  opening  into  a  long,  usually 

tube,  of  nearly  even  diameter,  sometimes  par- 

e,  but  commonly  spreading  in  irregular  tortuous 

r  the  surface  of  shells,  stones,  or  other  foreign  bodies, 

ttucons  trie  ted  end  of  the  tube  serving  as  the  general 

t.     WalU  thin;  texture  finely  arenaceous;  surface 

hut  not   poUsbed.      Colour    brown,  the  primordial 

f   aaually  of  darker  hue  than   the  tube.       Length 

Ir. 

me  areas  the  fine  arenaceous  tubes  of  this  or  other 
r  BhiEOpod  arc   found  (o  a  grenter  or '. 

Tot,  XIXj— *KW  BBft. 


i 

4 


rr  fingment  of  shell  or  ttone  pnesenting  a  surface 
frvormble  to  thai  growth.  It  is  rarely,  however,  that  the 
MBGs  are  even  appnmmately  complete  or  perfect,  and  the  pri- 
■nnr^I  dsaaaber  being  generaDj  the  missing  portion  they 
'  srco  been  paaed  orer,  nnder  the  supposition  that 
the  tabes  of  adherent  annelids.  This  imperfection 
ft  A*  &ct  that  the  primordial  chamber  is  seldom 
eooiplcfiely  attached  to  the  body  on  which  the  remainder  of 
^uc  ttiC  is  adherent.  The  tubular  portion  of  the  test  is  of 
xju&edaiae  length  and  always  seeks  some  solid  basis  to  spread 
'     '-^  in  the  absenee  of  which  it  is  occasionally  found 

fanned  of  irregular  coils  adherent  to  each 

is  often  quite  free,  projecting  above 

of  the  test,  6om  which  it  does  not  otherwise 

I,  except  that  it  is  of  a  darker 


differs  from  both  H.  dangata  and 
habit ;  from  the  former  also  in  the 

coarse  of  the  tubular  portion,  and 

fioK  :i»^  latter  in  the  smple  unbranched  contour  of  its 
exanaunuw  Tbere  »  only  one  Foraminifer,  so  far  as  I  knoWi 
wica  which  it  »  at  all  likely  to  be  confounded,  namely» 
WJMs«  (MM^iS,  P.  and  J.,  bat  the  primordial  chamber  in 
th*t  SMCM  3  a  sccsle,  adheicnt,  tent-like,  shellv  dome,  and 
tlfce  ri^  a  wmi-cylindrieal  covering,  neither  of  which  has 
aav  4ccr  rrcwr  6?  itself. 

Y^Mtv  »  a  r.nsiszl  organism,  occasionally  met  with  in 
pa^KOBCKC  M3w«»c«s!^  of  considerable  interest  in  connection 
wi;h  :h:5  $;^km.  I:  consists  of  rounded  masses  of  finely 
anre«ac«N^;»  luSf*  tolcec  irregularly  backwards  and  forwards, 
or  och^rwi;?^  vviliec.  so  as  to  form  little  bundles.  My  friends, 
Ptor  H.  A*  Nichv^Lsoc.  and  Mr.  R.  Etheridge,  jun.,  have  re- 
ceutW  oallcrc  arv  a:^fr:tion  to  some  of  these,  which  exist  in 
laxK^  uumSfr^  ia  :be  Silurian  rocks  of  GKrvan  in  Ayrshire, 
aftJi  thev  w:lL  1  Sfli^Ttp.  he  described  in  their  forthcoming 
•MK*«KKri?*^  »•'**'  Ctiri^a  Perils/  under  the  provisional  generic 
t^rsa  tr«TxeMi.''wff.  When  the  time  comes  for  treating  the 
*'  i^it^IVct^r'^  Rhxiopoda  in  detail,  I  shall  be  able  to  give 
oa*w  :v, jTJi  of  specimens  of  Hyperammina  voffans,  which 
»K%AiwU  ditSrr  from  the  palxoioic  fossil  except  in  their  some- 
what Unrirr  sis^. 

Kv\r  thii'  tuo^t  MTt  H.  rofOMS  is  a  deep-sea  species,  the 
6n^t  $(Mhrtmens  bein^  from  two  dredgings  in  about  2000 
t^lKsMiis.  OQ^  in  the  I^orth  Pacific,  the  other  in  the  South 
Atlantic,  but  it  occurs  abo  at  smaller  depths,  especially  in  the 
N«Hh  Atlantic 
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/acclku.*  acuta,  n.  sp.  PI,  III,  figs.  18,  13. 
Charactfrt.—~'Vest  elongate,  Etraigbt  or  nearly  to,  closed 
>ii<l  pointed  at  one  extremity,  gradually  increasing  in  width 
Iftwuds  the  other,  which,  Gligbtly  constricted  and  rounded, 
but  otherwise  open,  forms  the  general  aperture.  Texture 
urmacFOUs,  Tery  compact,  and  hard  ;  exterior  surface  rough, 
iaterioT  aUo  rough,  but  in  a  less  degree.  Colour  rich  brown 
in  the  earlier  portion  of  the  test,  becoming  gradually  lighter 
towards  the  wide  end.     Length  ',  inch  (8*5  miltioi.). 

;  is  often  an  exceedingly  difficult  matter  to  determine 
iMr  the  tubular,  non-septate,  arenaceous  tests,  bo  fre- 
tly  met  with  in  certain  localities  and  in  such  diverse 
I,  have  belonged  to  sarcode  animals  or  to  annelids,  and 
I  iM  anfortunately  no  character  short  of  those  pertaining 
T  lire  inhabitant  that  can  be  regarded  as  certain  evi- 
L  Annelid  tubes  of  the  commoner  species  arc  easily 
KCOgnised,  and  so  also  are  the  cylindrical  tests  of  Rhizopodn 
when  they  are  either  septate  or  labyrinthic,  or  show  a  dis- 
tinct primordial  chamber;  but  many  of  the  specimens 
aUodfld  to,  both  arenaceous  and  porcetlanous,  present  none 
nf  ibeM  features,  and  the  decision  rests  on  probabilities 
tatbvr  than  positire  indications. 

ThcM  remarks  apply  with  some  force  to  the  species  now 
Dtuler  cOQsideTation.  The  specimens  were  selected  from  a 
number  of  doubtful  organisms,  as  probably  of  Khizopod 
ongio,  on  the  strength  of  two  or  three  characters  which, 
ta^cn  together,  were  thought  to  have  considerable  weight. 
The  first  of  these  was  the  firmly  arenaceous  texture  of  the 
(«st,  ^en  the  distribution  of  colouring  matter  which,  as  in 
Hfperammina  cowans  and  several  other  species,  is  of  deep 
brown  red  in  the  early  portions  and  gradually  becomes 
tiller,  and,  lastly,  a  fact  of  negative  value,  namely,  that 
tba  totigh  interior  appeared  ill-adapted  for  the  organisation 
and  life  conditions  of  an  annelid.  Not  trusting  my  own 
imituaD  on  the  matter,  I  submitted  some  of  the  tests  to  Dr. 
stclntoah,  the  recognised  British  authority  on  the  Annelida, 
wbo  mAtr  examining  them,  expressed  a  very  decided  belief  that 
they  did  not  belong  to  animals  of  that  group.  On  the  other 
luiid,  there  is  no  other  non-septate  type  of  Rhizopoda  with  a 
»«  innreasing  so  rapidly  in  diameter,  and  with  an  aperture 
tojyuly  SO  large;  and,  again,  almost  every  specimen,  if 
E«wf7  oo«,  has  a  minute  orifice  at  the '""'     '' 
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first  of  these  objections  is  of  little  real  weighty  and  the  second 
may  depend  on  accidental  breakage,  a  not  improbable  occur- 
rence under  the  circumstances.  Whilst  still  hesitating  about 
my  specimens  the  Rev.  A.  M.  Norman  had  obtained  the  same 
species  in  his  dredgings  from  the  coast  of  Norway/  and, 
without  knowing  that  I  had  been  working  upon  it,  had 
assigned  it  in  his  own  mind  to  the  Foraminifera.  He  sug- 
gested the  name  Jaculella  as  applicable  to  the  genus,  and  I 
am  very  glad  to  adopt  it. 

The  form  and  general  appearance  of  JaeuleUa  acuta  is 
shown  in  PI.  Ill,  fig.  12;  and  fig.  18  represents  a  specimen, 
ground  down  to  show  the  interior.  As  has  been  said,  it  is 
exceedingly  rare  to  find  a  large  individual  with  the  thinner 
extremity  perfect,  and  the  test  is  so  hard  and  brittle  that  it 
breaks  away  still  more  in  process  of  grinding. 

The  largest  specimens  of  this  species  which  have  been  met 
with  in  the  *'  Challenger"  material  are  from  Station  122  (off 
the  coast  of  Brazil,  850  fathoms),  and  some  of  these  are  a 
third  of  an  inch  or  more  in  length.  Its  range  of  distribu- 
tion can  hardly  at  present  be  satisfactorily  laid  down. 

Genti^.— MARSIPELLA,  Norman. 

Marsipella  okanulosa,  n.  sp,     PI.  Ill,  figs..  8,  9. 

Chariicters. — Test  free,  fusiform,  tapering  nearly  equally 
towards  both  ends ;  composed  of  fine  grey  sand,  with  very 
little  calcareous  cement.  Cavity  nearly  uniform  in  diameter ; 
walls  thickest  in  the  middle  of  the  test.  Exterior  granular, 
interior  nearly  smooth.  Apertures  simple,  one  at  each  end 
of  the  test  often  tinged  brown.  Length  -J-  inch  or  more 
(5  or  6  millim.). 

Amongst  theBhizopoda  of  the  "  Porcupine"  Expedition  is 
a  very  striking  species,  common  in  certain  areas,  naving  an 
elongate,  fusiform  test,  often  curved  and  twisted,  especially 
near  the  extremities,  and  usually  tapering  more  rapidly  at 
one  end  than  at  the  other.  The  test  is  formed  of  sand- 
grains  neatly  fitted  together,  or,  especially  near  the  ends,  of 
acicular  sponge-spicules,  laid  side  by  side  and  united  by  just 
sufficient  calcareous  cement  to  produce  a  firm  investment. 
The  extremities  are  both  open,  and  serve  as  pseudopodial 
apertures.     Dr.  Carpenter  assigns  this  form  to  Williamson's 

>  Mr.  Norman  also  tells  me  that  he  dredged  Jaeulella  in  St.  Magnos' 
Bay,  Shetland,  in  about  60  fathoms,  in  1867,  and  it  thus  becomes  aa 
addition  to  the  British  Fauna. 
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genut  Proteonina.^  The  Rev.  A.  M.  Norman,  in  his  in- 
ter««ung  paper  on  ffaUphi/sema  and  forms  apparently  allied 
10  ii*  has  thrown  much  light  on  the  group  to  which  the 
"Poicupine"  species  probably  belongs,  and  discarding  the 
npposed  affinity  to  the  so-called  Proteonina,  which  is  a 
feeble  LituoUne  form  of  the  Haplophragmium  series,  has 
given  it  the  new  generic  name,  Marnpella.  In  this  course 
I  entirely  concur. 

Aa  the  occurrence  of  Maritpella  elongata,  Korman,  is 
prettT  much  confined  to  areas  in  the  Atlantic,  further  north 
than  any  point  in  the  line  of  the  "  Challenger"  cruise,  its 
history  need  not  be  dwelt  upon  here,  but  a  form  which 
appears  more  nearly  allied  to  it  than  to  any  other  described 
type  u  Ckccasionally  met  with  in  southern  latitudes.  This  I 
propose  to  call  Marnpella  granulosa.  It  agrees  with  M. 
ilemgata  in  its  fusiform  contour,  and  in  having  au  aperture 
at  aach  extremity  of  the  test,  and  these  perhaps  may  be 
rmrded  as  the  esfietitial  characters  of  the  genus.  On  the 
other  hand,  the  test  is  composed  entirely  of  tine  sand,  and  it 
is  moch  less  compactly  built  than  that  of  M.  elongata,  the 
wmlls  being  thick  in  the  middle  and  thinning  away  towards 
the  eads.  .A  specimen,  laid  open,  is  shown  in  Fl.  Ill,  fig.  9, 
bat  portions  of  the  slender  extremities  have  crumbled  away  in 
the  proceaa  of  grinding.  Figure  8,  of  the  same  plate,  repre- 
lenU  a  nearly  perfect  individual.  The  material  selected  fur 
the  conatruclion  of  the  test,  in  the  absence  of  sponge  spicules, 
it  an  eren-grained,  light- coloured,  very  fine  sand,  and  as  the 
amount  of  c«mcut  (whatever  it  may  be)  secreted  by  the  animal 
ts  very  small,  the  requisite  solidity  appears  to  be  attained  by 
the  ttuckening  of  the  walls,  and  this  takes  place  to  such  an 
exteol  that  the  central  cavity  is  httle  more  than  a  tube  of 
Dcarty  evnn  diameter.  The  interior  is  smooth  and  stained 
ivddish  brown  to  a  greater  or  less  degree,  and  the  same 
coIoorKlion  is  also  apparent  externally  at  the  extremities  of 
tike  test  around  the  orifices. 

The  beat  specimens  of  Marsipella  granulosa  have  been 
"   *  I  a  dredging   off  the  Azores,  at   a   depth  of  1000 


0«RM— RHABDAMMINA,  M.  SarB. 

IMMMIMA  LINSABIS,  fl.  ip.      PI.  Ill,  figs.  10,  11. 

r. — Test  free,  linear  ;  straight 

-The   MioroeooM.'  fifth    ed..  1S76,  p.  533,   Bg.    873, 

i. ,,/ AWilUtaa»»,  •  Rw.  For.  Gt.  Br.,'  p.  1.  pi.  1.  figs.  1-S-     _ 
>  ■  Asaals  and  Ibg.  Nu.  OLst-,'  ser.  &,  vol.  i,  p.  331,  pi.  10.  fig.  7. 
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fisting  of  a  cylindrical  arenaoeona  tabe,  with  swollen  centra 
chamber.    Tubular  portion  often  irreffular  in  outline,  taper- 
ing towards  the  ends;  shell-wall  of  the  central  chamber 
thinner    than    that    of  the     two    arms.      Length    •)•  inch 
(4'5  millim.). 

Amongst  the  types  of  arenaceous  Bhizopoda  enumerated 
by  the  lamented  Scandinavian  naturalist,  Michael  Sars,  in 
the  short  paper  summarising  the  results  of  his  deep'Sea 
researches,^  is  a  fine  large  species,  which  he  names  Rhabdam' 
mina  abyssarum.  In  the  absence  of  any  description  from  the 
pen  of  the  discoverer  it  may  be  characterised  as  having  a 
radiate  test,  consisting  of  three  to  five  long  arenaceous  tubes, 
diverging  from  the  central  point  like  the. spokes  of  a  wheel. 
In  specimens  from  some  localities  there  is  a  small  central 
chamber,  and  in  these  cases  the  arms  are  broad  at  the  point 
of  insertion  and  somewhat  tapering,  but  more  frequently  the 
arms  are  of  nearly  even  diameter,  and  there  is  Uttle  or  no 
swelling  at  the  point  of  union.  Generally  speaking,  the 
tubular  portions  radiate  on  one  plane  and  the  test  is  com- 

Slanate,  but  sometimes  this  order  is  not  observed,  and  they 
iverge  irregularly.  Specimens  of  Rhahdammtna  abyssarum 
from  the  southern  hemisphere  do  not  differ  in  any  important 
particular  from  those  obtained  by  Sars  from  a  depth  of  460 
fathoms  off  the  Norwegian  coast.  Under  favorable  conditions 
the  species  attains  a  considerable  size,  but  owing  to  the 
tenuity  and  brittleness  of  the  rays  it  is  seldom,  probably, 
that  specimens  are  quite  perfect;  examples,  however,  are 
not  uncommon  that  must,  when  complete,  have  measured  an 
inch  from  point  to  point. 

In  three  or  four  of  the  "  Challenger"  dredgings  there  is 
found  a  much  smaller  form  referable  to  the  same  genus,  but 
with  sufficiently  distinctive  characters  of  its  own,  and  this  I 
propose  to  name  Rhabdammina  linearis.  It  may  be  regarded 
as  a  two-rayed  modification  of  the  type,  with  a  central  in- 
flated cavity.  The  two  arms  are  seldom  of  the  same  dia- 
meter, nor  are  they  usually  set  on  so  as  to  form  a  right  line. 
In  texture  the  test  is  more  loosely  built,  and  the  sand-grains 
less  completely  incorporated,  than  in  the  typical  species.  In 
light-coloured  specimens  the  extremities  are  sometimes  Stained 
reddish  brown. 

The  mere  fact  of  possessing  but  two  arms  instead  of  three, 

four,  or  five,  would  not  by  itself  constitute  a  valid  reason  for 

distinguishing  a  variety  by  name,  especially  if  it  were  found 

in  company  with  the  radiate  form ;  but,  taken  in  conjunction 

1  '  yiden8k.-Sel8k.  Forliandinger'  for  1868. 
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with  Hi  much  imaller  size — often  not  -rhr  iH'  in  sntire  length 
— tnd  iu  occurrenee  in  localities  in  wbicb  the  other  is  not 
bond  ftt  »U,  there  can  be  little  doubt  of  ita  title  to  a  diitinc- 
tm  sppellktioD. 

The  he«t  "  Challenger "  specimeas  of  Rhabdammtna 
liiuariM  have  been  obtained  from  dredgings  off  Sombrero 
UUnd  ud  off  Culebra  Island  (West  IndiesJ  in  460  fathoms 
and  890  fothoms  respectively,  and  from  a  deeper  sounding 
(1900  btbom*)  off  the  coast  of  South  America,  in  latitude 


0e»t»— BHIZAMMINA,  nor. 
(piZa,  a  toot;  a/i/joc)  land). 

BSIZAMMIVA  ALOfFOBUIB,  n.  Op.      PI.  lY,  figS.  16,  17. 

OMToeUra. — Teat  free,  tabular,  branching,  flexible ;  form- 
iu  taogled  weed-like  tufts  of  indefinite  size.  Texture 
dutiiu^amiaceous,  slightly  rough  externally  ;  colour  brown. 

AiDOfigat  the  doubtful  organisms  which  have  from  time  to 
tiat  been  dredged  in  deep-water  in  various  parts  of  the 
«(irU,iiUDUte,  branching,  flexible  tubes,  with  rough  exterior 
fram  embcddwl  land-grains,  have  not  been  the  least  frequent. 
Tlma  bare  hitherto  occurred  in  comparatively  small 
•ambcni  and  though  they  have  been  supposed  to  belong  to 
th«  Kbuiopoda,  iheir  precise  nature  has  not,  as  far  as  I  am 
awm,  b«n  inTtstigBied,  At  one  of  the  "  Challenger  " 
KatiiMH  off  the  wealem  coast  of  South  America,  in  about 
tb*  Utitode  of  Valparaiso,  the  principal  part  of  the  con- 
l«Bta  tit  tbc  dredge  consisted  of  a  weed-like  organism  of  this 
aoR. 

Al  firtt  dght  iu  tangled  threads  bear  considerable  resem- 
hli»i.a  to  nwsaea  of  some  Melanospermous  Alga,  such  as 
SHeflton  rhixodea,  but  quite  apart  from  the  fact  that  the 
aarcMs  finim»1  was  observed  whilst  still  in  fresh  condition, 
thcftnactnre  of  the  investment  of  the  preserved  specimens 
»  flifiamt  to  determine  its  Rhizopod  affinities.  My  friend 
Mt.  HoUick  has  not  been  quite  so  successful  as  is  his 
««Bt,  in  tbe  fiffOfe  representing  a  bit  of  the  organism  of  the 
auatml  me  (PL  IV,  fig.  16),  but  the  enlarged  drawing 
(if,  17)  pves  very  accurately  the  appearance  of  a  portion  of 
■■  tt  ih»  joaoget  and  more  transparent  branches  mounted 
aOnuds  balwiD. 

When  §pnm.d  out  oo  a  white  surface  the  mass  is  seen  to 
be  ampoaed  of  branching  tubes,  varying  in  dia'i.eter  from 
1^  a  «^  of  AH  ^^  (.^'^3  to  ^'^^  millim.).     What  their 
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original  length  may  have  been  it  is  impossible  to  say^  bat  it 
is  seldom  that  pieces  can  be  separated  of  more  than  an  inch 
or  an  inch  and  a  half  long.  There  is  no  evidence  that  it 
has  grown  attached  to  any  foreign  body^  though  it  is  quite 
possible  that  it  may  have  done  so.  The  branching  does  not 
take  place  on  any  definite  plan.  Entangled  amongst  the 
branches  are  often  fragments  of  Polyzoa  and  other  similar 
organisms. 

Notwithstanding  the  flexibility  and  apparent  softness  of 
the  tubes^  the  proportion  of  organic  matter  they  contain  is 
relatively  very  small.  A  mass  of  the  "  weed,"  thoroughly 
washed  to  free  it  from  soluble  saline  matter,  and  dried  at 
100°  centigrade,  left  87*6  per  cent,  of  ash  after  ignition,  and 
this  was  almost  entirely  composed  of  silica.  When  living, 
or  in  the  fresh  condition,  the  proportion  of  inorganic  consti- 
tuents would  necessarily  be  a  good  deal  smaller,  but  the 
amount  of  moisture  normally  present  in  the  test  could  not 
be  estimated  from  specimens  which  had  been  preserved  for  a 
long  period  in  alcohol.  Under  the  microscope  the  appearance 
of  the  tubes  would  give  the  idea  that  the  chitinous  or  organic 
basis  formed  a  much  larger  proportion  of  the  entire  weight. 
The  arenaceous  constituents  are  partly  in  the  form  of  minute 
angular  sand-grains  embedded  in  the  chitinous  envelope  but 
sufficiently  exposed  to  give  the  surface  a  distinctly  rough 
appearance,  and  partly  of  the  empty  siliceous  tests  of  Badio- 
laria,  which  abovind  in  the  mud  of  the  sea-bottom  in  this 
particular  locality. 

Boiling  in  water  has  no  appreciable  effect  on  the  organism 
in  the  condition  in  which  it  has  come  into  my  hands,  that  is, 
after  long  maceration  in  alcohol ;  and  moderately  strong  acetic 
acid  produces  no  perceptible  change  in  it,  even  on  the  applica- 
tion of  heat.  Heated  in  dilute  hydrochloric  acid  (1 — 1)  there 
is  at  first  a  slight  effervescence,  carbonic  acid  being  evolved 
from  a  few  minute  Foraminifera  built  into  the  test  rather 
than  from  any  calcareous  cement,  of  which  there  appears  to 
be  little  or  none.  Under  the  influence  of  hydrochloric  acid 
most  of  the  tubes  break  up,  and  eventually  become  entirely 
disintegrated,  owing  apparently  to  the  solution  of  the 
organic  matter.  In  those  which  remain  the  test  appears 
as  a  colourless  sandy  envelope,  and  the  sarcode,  which  has 
swollen  to  its  original  size,  as  a  granular,  transparent 
brown  mass,  filling  the  cavity  of  the  tube.  With  nitric  acid 
(1 — 4)  the  disintegration  is  much  more  rapid,  and  after  a  time 
there  is  but  little  residue  beyond  the  siliceous  constituents. 

Treated  with  caustic  potash  and  heated,  the  tubes  are  con- 
siderably disintegrated,  but  in  a  different  way.    Those  that 
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nUiti  iheir  form  are  epiil  and  empty,  &a  though  the  contents 
had  ■wollen  to  bunting  before  being  dissolved  out.  Digestion 
ID  thne  cases  iras  not  carried  far  enough  to  dissolve  much  of 
the  liliceoufl  matter,  and  the  split  tubes  therefore  represented 
the  inorganic  portion  of  the  investment. 

There  ts  no  other  Rhizopod  lo  which  SJiUammina  can  be 
very  accurately  compared,  but  it  has  perhaps  most  in  common 
with  the  branching  tulies  of  Hyperammina  vagaus  .-  in  point 
of  fact,  it  repreeenla  a  very  distinct  type  of  organisation. 
,The  locality  alluded  to,  in  whichit  is  so  abundant,  is  the 
'^lallwiger"  Sution,  No.  299, lat.  33°  31'  S.jlong.  74"  45' 
that  is,  between  the  Island  gf  Juan  Fernandez  and  the 
coast  of  South  America;  depth  S160  fathoms. 
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<?«tiM— SAGENELLA,  nov. 

(va-fm'ti,  a  drag-net). 

Bagrhbixa  yaoNDKscBSs,  II.  sp.     PI.  V,  fig.  1.) 

Ckaract»r$. — Test  adherent  ;  consisting  of  long,  finely 
"kaccous  covered  passage?,  ramifying  or  Jorminga  network 
V  tb«  surface  of  shells  or  other  bodies.  Branches  bifur- 
ibg,  each  limb  terminating  in  a  neatly  roonded  aperture. 
|bur  white  to  very  light  brown.  Length  indefinite ; 
ketcr  of  the  larger  passages  ^  inch  {04  millim.)  of  the 
pDrr  branches  xt^  \at:h  (O'lS  millim.). 
lis  singular  little  organism  occurs  amongst  the  Nullipore 
rif  of  shallow  water  in  the  South  Pacific,  in  company  with 
■r  parasitic  Khizupoda,  such  as  Plaeopsilina,  Planorbulina, 
I  Tnaicaluiina.  There  is  possiblj-  no  other  known  in- 
ptce  of  a  Fovaminifer  with  a  distinctly  reticulating  test, 
ler  free  or  adherent,  but  it  is  not  difficult  lo  understand 
th«  inosculation  of  the  passaKcs  takes  place.  The 
[Rcbes  commonly  bifurcate  at  their  extremities,  and  each 
fiesh  branchlei,  after  growing  about  a  thirtieth  of  an  inch, 
■  or  leas,  divides  again  in  the  same  way;  thus,  however 
the  growth,  the  Barcode  projecting  from  the 
rtures  must  continually  meet,  and  the  ends 
Jesce;  the  investment  being  formed  as  growth 
I  imgulur  shelly  network  of  necessity  results. 
I  very  finely  arenaceous,  am!  it  appears  to  be  really 
"^fatiuUr,  (Lat  l*  to  say,  it  is  not  a  mere  tent-Hke  covering  with- 
out ■  floor  proper  to  itself,  like  that  of  Webbina.  Itoccurain 
Hirie  patches  a  quarter  of  an  inch  or  more  in  diameter,  of 
^^1  or   light  yellowiah-brovrn  colour,     Ti 
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hnmchet  are  Mldom  perfect^  owiog  to  their  deUeate  utore, 
bat  when  they  bare  been  acddenully  protfoted  and  remain 
complete,  they  show  smooth,  rounded  apertnree  finrmed  al 
clear  shell-fabetance. 

The  best  specimens  of  Sagendla  frtmdetemm  hnire  been 
found  in  Nollipore  dredged  off  the  Admiralty  Islands,  at  a 
depth  of  from  16  to  S5  fathoms. 

G^^ia.— ASTBOBHIZA,  SandahL 

Aitrorhiza,  Sandahl,  M.  Sars,  Carpenter,  Norman. 
Haeckdina,  Bessels. 
Aitrodiscus,  F.  E.  Scholze. 

AsTRORHizA  CATENATA,  Norman.    PL  lY,  figs.  IS,  13. 
Attroriiza  eatenata,  Nonnsn,  1876.    'Proe.  Boj.  Soc,'  toL  xzt,  p.  818. 

The  Bev.  A.  M.  Norman  (loc.  cit.)  describes  this  species  in 
the  following  words : — *^  The  chambers  are  more  or  less  ovoid, 
not  flattened,  as  in  the  previously  known  forms,  but  equally 
rounded  on  the  sides  and  above  and  below ;  the  spoke-like 
pseudopodian  processes,  instead  of  being  all  on  one  plane, 
as  in  JL.  limicola,  radiate  in  all  directions.  Several  speci- 
mens occurred  in  which  two  chambers  were  united  together, 
a  fresh  chamber  being  developed  at  the  end  of  one  of  the 
radiating  processes  ;  and  it  is  probable  that,  in  its  most  per- 
fect state,  the  animal  would  consist  not  only  of  a  series  of 
chambers  extending  on  all  sides^  as  in  A.  limtcola,  but  of 
other  chambers  superimposed  on  these,  so  that  the  whole 
animal  would  be  of  most  complex  type.  The  arenaceous  in- 
vestiture consists  of  fine  sand-grains  and  sponge-spicules 
firmly  (not  loosely,  as  in  A.  arenaria)  cemented  together,  and 
is  of  a  ruddy  hue,  but  not  ferruginous,  Astrorhiza  caienata, 
n.  sp.,  may  be  the  name  to  distinguish  this  animal." 

My  friend  Mr.  Norman  has  recognised  the  two  figures 
(PL  IV,  figs.  12, 13)  as  pertaining  to  his  species,  a  fact  which 
had  not  suggested  itself  to  me,  so  little  impression  does  verbal 
description,  unaccompanied  by  drawings,  make  upon  the  mind 
in  such  cases.  I  should  have  had  much  hesitation  in  placing 
my  own  specimens  in  the  same  genus  with  either  the  muddy, 
discoid al,  radiate  Astrorhiza  limicola,  or  with  an  organism 
having  the  thick,  soft,  sandy  walls  and  flat  branching  con- 
tour of  Dr.  Carpenter^s  species;  but  their  number  is 
small,  and  they  scarcely  afford  a  means  of  forming  a 
confident  opinion ;  at  any  rate  I  am  not  prepared  to  debate 
the  point  m  opposition  to  the  views  of  so  experienced  a 
zoologist.    The  largest  example  in  my  collection  is  less  than 
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-V  inch  (£-5  millim.)  in  entire  length ;  it  has  two  gegments, 
ud  appears  to  hare  had  a  third.  Either  of  the  other  speciea 
attain*  manf  timet  tbli  size.  The  oralis  are  thin,  compact, 
and  brittle,  and,  as  atated  in  the  description,  are  largely  made 
op  of  sponge  apiculet. 

The  "  Challenger"  dredgings  have  yielded  specimens  from 
the  !>outb  Pacific  (2760  fathoms)  and  from  the  North 
Atlantic  (S\e»t  Indies,  290  fathoms) ;  Mr.  Norman's  were 
from  the  material  obtained  on  the  cruiee  of  the  "Valor- 
oo»"  (off  Greenland,  1S50  fathoms);  and  others  have  been 
(build  at  one  at  least  of  the  "Porcupine"  stadons  in  the 
North  Atlantic  (1215  fathoms). 

AsTBOKltA  CORnnTA,  «.  sp.      PI.  IV,  figs.  U,  15. 

Characlert. — Test  free,  irregular;  outspread  or  rounded, 

with  branching  or  tapeiing  radiating  processes  ;  interior  fol- 

g    ihc    same  general  form  as   the   test;  non-aeptate. 

^ee  either  terminating  in  simple  apertures,  or  furnished 

b  aimple  or  bifurcating,  open,  chitinous  tubes,  which  serve 

I  same  end.     Exterior  very   rough,    composed  of  coarse 

jd-grainB  6nnlT  cemented  together.    Size,  ranging  from 

Wh  (l'2d  millim.)  in  the  rounded  forms,  to  -J-  inch  (5 

n.)  in  the  oatspread  varieties. 

Accepting  the  view  that  the  organism  last  described  really 

'  mg*  to  the  genus  Asirorhiza,  there  can  be  little  doubt 

:  the  specimens  represented  in  PI.  IV,  figs.  14,  15,  also 

I  to  the  same  group  ;  indeed,  they  exhibit  something 

le  mean  of    the    characters  ot  A,  arenaria   and  A. 

tata.     Many  of  the  specimens  have  very  mnch  the  con- 

r  of  the  former  species,  and  differ  from  it  principally  in 

ell  teixture,  Trhilst  some  of  the  rounded  forms  are  chiefly 

tinguishable  from  A.  calenala  by  possessing  only  a  single 

mber  when  fully  grown.     As  may  be  inferred  from  what 

I  been   already  said,  the    thick,  loosely-aggregated   test 

lo  me  to  furnish  'the  most  significant  character  of 

trkita  limicola   and   A.   arenaria,   and    therefore   the 

iaitj  of  the  species  now  described  is  with  A.  catmata 

9ier  than  with  these. 

ctmcHs  of  Ji/rcrAfsa  cornK(o  have  been  found  at  two 

"  Challenger"  stations,  namely,  in  the  South  Atlantic, 

rpemarobuco,  SdO  fathoms,  aud  in  the  South  Pacific,  off 

r  Zealand,  1100  fathoms ;  examples  also  occur  at  one  of 

"Porcnpine"  stations  in    the  North  Atlantic,  in  816 
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Otfnia— ASCHEMON£LLA»  nov. 
(atTxhfiwv,  of  ugly  shape). 

ASCUEMOMELLA  SCABRA,  n.  Sp.      PL  III,  fig8.  6,  7. 

Characters, — Test  free,  consisting  of  one  or  more  chambers 
of  irregular  size  and  shape.  Chambers  inflated,  often  with 
more  than  two  tubulated  apertures,  any  of  which  may  pro- 
duce a  fresh  segment.  Walls  thin,  compactly  built ;  exte- 
rior slightly  rough,  sometimes  acerose  with  partially  em- 
bedded sponge-spicules.  Segments  variable  in  size ;  length 
4-  inch  (3  millim.),  more  or  less. 

This  is  a  type  the  nature  and  affinity  of  which  it  is  very 
difficult  to  comprehend.  The  form  and  size  of  the  segments 
might  almost  seem  to  be  a  matter  of  accident,  and  yet  when 
a  number  are  seen  together  they  bear  a  quite  unmistakable 
general  resemblance  to  each  other,  not  only  in  shell-texture 
and  substance,  but  in  their  habit  of  growth.  It  is  im- 
possible to  describe  the  multiplicity  of  forms  the  chambers 
assume.  Sometimes  they  are  elongate,  straight  or  curved 
tubes,  with  rounded  or  tapering  ends,  either  unconstricted 
or  constricted  at  intervals,  as  though  tied  up  crookedly. 
More  commonly,  instead  of  the  two  terminal  aper- 
tures, that  the  chambers  of  polythalamous  Foraminifera 
usually  present,  the  lobes  have  three  or  four,  or  even  five, 
tubulations,  any  one  of  which  may  give  rise  to  a  new  segment, 
for  which  it  forms  the  stoloniferous  passage.  Very  often 
the  segments  are  forked,  and  each  branch  terminates  in  an 
aperture.  A  large  proportion  of  the  specimens  have  only  one 
chamber,  but  probably  this  is  in  part  due  to  fracture,  the 
connecting  tubes  being  narrow  and  slender  in  proportion  to 
the  weight  of  the  lobes,  but  many  have  two,  and  occa- 
sional examples  have  been  found  with  three,  segments.  In 
point  of  size  the  variation  is  equally  marked ;  the  individual 
segments  vary  from  very  small  dimensions  up  to  one  fifth  of 
an  inch  or  even  more  in  length. 

Aschemonella  scabra  is  by  no  means  a  common  species, 
though  it  occurs  sparingly  at  several  of  the  **  Challenger" 
stations.  It  appears  to  affect  deep  water,  for  of  the  six 
localities  in  which  it  has  been  found  all  have  recorded 
depths  of  1000  fathoms  or  more,  and  half  of  them  of  over  2000 
fathoms.  Two  of  these  stations  are  in  the  North  Atlantic 
(off  the  Azores  and  south-west  of  the  Canaries),  one  in  the 
South  Atlantic  (east  of  Buenos  Ayres),  and  three  in  the 
North  Pacific. 
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Gcthm— THURAMMINA,  mop. 
(Qupl^,  a  cell;  ajufior,  sand). 
Genial  characten. — Test  free  or  adherent;  either  con- 
nating  of  a  siugle  rounded  chamber,  sometimes  enveloping 
I  limUar  one  of  smaller  size,  or  of  Ino  or  more  (apparently) 
indrpendeot  chambers  adhering  to  each  other.  Texture 
thia  ;  arenaceous  ot  chiti no- arenaceous.  Surface  beset  with 
nHmnona,  perforate,  nipple-shaped  protuberances. 

Tbcramjusa  fafillata,  n.  $p.    PI.  V,  figs.  4 — 8). 

OttaUM  lifBoJ^,  Catpeater,  1S75,  '  The  Micro»oope  and  its  Kefelations,' 
Fifth  Ed.,  p.  533.  Eg.  373,  g-  *■ 
CSutracten. — Test  free  or  adherent ;  usually  consisting  of  a 
•iagle  spheroidal  chamber, with  or  without  an  elongated  neck; 
occMtonall}-  of  two  or  more  of  such  chambers  mutually 
adherent.  Surface  studded  with  irregularly  disposed  per- 
tbrate  papiU«.  Colour  brown;  shell-wall,  very  thin,  com- 
poaed  of  light-coloured  sand-grains  fitted  together  accurately 
with  reddish-brown  cement.  Diameter  of  the  chambers  -^^ 
iach  (0*5  millim.),  more  or  less. 

Dr.  Carpenter  (loc.  cit.)  gives  a  partial  description  of  this 
type,  founded  apparently  on  an  insufficient  number  and 
variety  of  specimens,  to  yield  a  clear  sense  of  its  morpholo- 
gical range.  The  shell  represented  by  fig.  4  (PI.  V)  gives 
■  fair  idra  of  its  usual  contour  and  condition,  but  it  frequently 
happens  that  the  neck  is  wanting,  and  in  such  cases  there  is 
DO  gvseral  pseudopodial  aperture  diaiinctfrom  the  orifices  of 
tfa«  papilhe.  Occasionally  the  left  is  adherent  either  to  a 
piece  of  shell,  as  in  fig.  5,  or  to  some  other  foreign  body,  and 
then  the  shape  is  altered  to  meet  its  changed  relations. 
Sometimes  two  or  three  chambers  are  found  adherent  to  each 
other,  as  id  fig.  8,  but  in  such  cases  the  individual  segments 
appear  to  retain  their  independence,  and  not  to  assume  with 
Hch  other  a  corporate^  existence  as  a  single  polythalamoua 
organism.  That  is  to  say,  the  polythalamoua  condition  depends 
on  the  adbcMon  of  spheres  by  their  contiguous  surfaces  rather 
than  on  the  segmentation  of  sarcode  and  the  formation  of 
connecting  stolons  with  corresponding  shelly  investment, 
uaally,  though  rarely,  on  breaking  the  test  a  second 
r  chamber  with  papillate  projections  is  found  in  the 
t;  such  an  example  is  seen  in  fig.  fi,  and  a  primordial 
'  Ibis  sort  from  another  shell  is  shown  in  fig.  7. 
lOte  stnicture  of  the  sheU-wall  ia  very  beautiful. 
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It  is  formed  of  angular  sand-grains  accurately  fitted  to  each 
other  and  held  together  with  a  dark  reddish-brown  cement. 

The  number  and  degree  of  prominence  of  the  nipple-like 
projections  vary  very  much.  In  some  specimens  they  are 
very  numerous  and  striking^  and  they  are  often  arranged  in 
a  sort  of  linear  order;  in  others  they  are  much  less  conspicuous, 
and  are  irregularly  distributed.  They  are  probably  all  per- 
forated, but  the  apertures  are  often  very  obscure. 

The  distribution  of  I%urafnmina  papittata  is  world-wide* 
The  ''  Challenger  "  collections  furnish  specimens  from  both 
the  North  and  South  Atlantic  and  the  North  and  South 
Pacific.  Often  localities  in  which  I  have  record  of  its  occur- 
rence, five  are  from  depths  of  more  than  2000  fathoms,  and 
only  three  of  them  less  than  1000,  the  shallowest  of  all  being 
S50  fieithoms,  so  that  it  may  be  regarded  as  an  essentially 
deep-water  type. 

Thurammina  albicans,  n.  sp. 

Characters, — ^Test  free,  monothalamous,  nearly  spherical, 
with  few  (4  or  6)  mammillate  orifices,  equidistant  and  regu- 
larly disposed.  Texture  very  finely  arenaceous,  colour  white. 
Diameter  -p^  inch  (0*25  millim.). 

A  few  specimens  of  a  very  minute  organism,  apparently 
allied  to  the  foregoing  species,  have  been  found  in  several 
of  the  ^^  ChalleDger "  dredgings.  The  test  is  much 
smaller  than  that  of  Thurammina  papillata,  the  shell-wall 
relatively  thicker  and  composed  of  finer  materials,  and  the 
little  mammillate  protuberances,  instead  of  being  numerous 
and  distributed  irregularly  over  the  surface,  are  few  in 
number  and  placed  symmetrically.  The  figures  of  this  form 
have  unfortunately  had  to  be  omitted  for  want  of  space. 

Single  specimens  have  been  met  with  in  many  samples  of 
deep-sea  material.  Perhaps  the  best  series  is  from  1900 
fathoms,  off  the  coast  of  South  America,  in  about  the  latitude 
of  Buenos  Ayres. 

Thurammina  compressa,  n,sp,     PL  V,  fig.  9. 

Characters. — Test  free,  monothalamous,  compressed ;  with 
numerous  perforate,  mammillate  protuberances  arranged 
irregularly  on  the  periphery.  Walls  thin,  chitino-arenaceous ; 
colour  dark-brown.     Diameter,  -^  inch  (0*6  millim.). 

This  is  another  form,  rarely  met  with,  apparently  nearly 
related  to  Thurammina  papillata.  Its  chief  distinction  rests 
on  its  membranous,  only  slightly  arenaceous,  shell-texture, 
and  its  compressed  lenticular  contour.  It  is  just  possible  that 
the  latter  character  may  be  in  a  measure  accidental,  and  be 
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doe  to  the  psrdal  colUpse  of  the  investmeat,  as  not  uafre- 
qwntly  occdts  in  certain  other  chid  no -arenaceous  forms, 
Tnn'km%mtiiui  macretcens,  for  example.  The  mammillate 
onfioM  do  not  appear  on  the  upper  and  lower  surfaces,  but 
oohr  on  the  peripheral  portions  of  the  test. 

Tb«  fiptr«d  specimen  is  from  the  North  Atlantic  ("  Por- 
■   t  "O,  IM  fallioma. 


Cmw— LITUOLA,  Lamarck. 

lo  the  '  Introduction  to  the  Study  of  the  Foraminifera,' 
pabliabed  in  1862,  all  the  then-known  Foraminifera  having 
madj  or  cam|>oeite  tests  are  referred  to  three  genera — Lituola, 
TVoohMuvma,  and  Vajcuiina,  the  last  named  being  regarded 
■a  an  iatermediate  rather  than  aa  a  strictly  arenaceous  type. 
ToZitumta  ue  axigned  all  the  rvu^A  arenaceous  forms,  what- 
tm  their  external  contour  or  the  condition  of  the  interior 
af  their  diambers;  and  to  Trockammina  those  in  which  the 
OMialitiieat  aand-grains  are  small  and  incorporated  by  a 
large  excess  or  calcnreous  or  ferruginous  cement,  a  thin, 
mi»A,  aoD-tabyrinthic  shell  being  the  result.  This  simple 
elaMificetioti  answered  every  end  so  long  as  the  number  of 
timu  lo  be  accomtnodated  and  their  known  range  of  varia- 
tion were  comperilively  limited,  and  there  can  be  no  doubt 
that  it  toothed  the  essential  distinction  between  two  of  the 
fnacipal  group*  of  this  section  of  ihe  Rhizopoda.  But  in  the 
pmeat  ttate  of  our  knowledge  it  scarcely  meets  the  require- 
■■Dte  of  the  CMM.  Not  only  have  a  large  number  of  areua- 
OMM  apecits  been  found  with  generic  characters  very  different 
Km  tbote  of  either  of  the  types  thus  defined,  but  the  number 
gfiiew  forma  and  vaiietiei,  possessing  the  same  pecuharities 
tf  abeU^tnicture  as  Lituola  &n&  jfyoi'^ammina  respectively, 
hn  been  ao  multiplied  that  the  subdivision  of  both  groups 
baa  become  desirable,  if  not  necessary.  The  arrangement  of 
Ac  3VeeA*etnM<r  is  considered  on  a  subsequent  page,  and 
ahboi^ll  I  have  but  tittle  that  is  new  to  bring  forward  relat- 
tag  lo  ZJhil»l«  (proper],  it  is  quite  within  the  plan  of  the 
fimiil  peper  to  state  briefly  the  results  which  have  been 
urived  at  nom  the  study  of  the  very  large  series  of  fonns 
fiiiiiiaba4  by  the  "  Challenger  "  dredgings. 

Practically  the  genus  Xi'»o/a,  as  understood  in  this  country, 
kaa  h  rn  coextensive  or  thereabouts  with  Professor  von 
I  Guiilj  Litvoiidea,  which  is  made  to  include  four 
,  dMuacteriaed  as  follows  : 

I.  Poljgtkrtfma,^  Keuss. — Test  adherent. 

'  T*tnk  ajmm  eritrat^m,  Reusi,  u  Sgured  io  '  Du  Elbllialpbirge  ia 
*^^ntoeT>-.  Itt^  P-  139,  pi.  113,  Ors.  S— 10,  tu*  an  uregiilM'. 
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2.  Haplophragmium,  Beusa. — Test  free^  chamber-cavitiea 

simple^  not  subdivided. 

3.  Lituola,  Lamarck. — ^Test  free^  chamber-cayities  sub- 

divided by  irregular  ramifying  septa ;  spiral  or  crozier- 
shaped ;  aperture  dendritic^  labyrinthic  or  compound. 

4.  Haplostiche,  Reuss. — ^Test  free^  uniserial^  straight  or 

arcuate  (like  Nodosaria,  or  Denialina)  ;  aperture 
terminal,  simple.  Chamber-cavities  subdivided  by 
irregular  ramifying  septa. 

The  term  Liiuola  was  originally  used  by  Lamarck^  for 
the  well-known  subnautiloid  and  crozier-shaped,white,  arena- 
ceous Foraminifera  of  the  Chalk ;  and  as  d'Orbigny  adopts 
Lamarck's  name,'  making  the  labyrinthic  chambers  and 
multiple  aperture  the  primary  characters  of  the  genus,  there 
can  be  no  doubt  as  to  its  proper  application. 

In  the  difficulty  that  there  is  of  finding  characters  avail- 
able for  the  classification  of  a  series  of  forms  so  closely  con- 
nected as  those  under  consideration,  the  structure  of  the 
shelly  skeleton  must  serve  as  far  as  it  goes,  as  a  basis  of  sub- 
division.    It  is,  however,  to  the  interior  of  the  test  that  we 
shall  have  to  look  for  its  most  characteristic  development.  In 
some   of     the  Lituoline  forms   the    chambers   are   simple 
rounded  cavities,  and  the  sand-grains  of  which  the  test  is 
built  are  often  so  neatly  joined  that  no  angular  points  project 
into  the  interior.     Such  specimens  have  generally  a  simple 
aperture.  In  others  the  interior  of  the  segments  is  ^'labyrin- 
thic,"  that  is  to  say,  subdivided  by  irregular  partial  septa, 
composed  of  rough  sand  grains  cemented  together,  and  such 
as  these  commonly  have  an  irregular  or  compound  aperture. 
There  is  another  variety  of  labyrinthic  structure,  that  may 
for  distinction  be  called  ^^  cancellated,"  whicn  is  composed 
of  masses  of  very  finely  arenaceous  tubular  growths  from  the 
inner  surface  of  the  shell-wall,  sometimes  developed  to  such 
an  extent  that  they  almost  fill  the  cavities  of  the  chambers. 
But  as  specimens  with  this  peculiarity  have  at  the  same  time 
a  smooth  or  even  polished  exterior  and  very  definite  and  well- 
formed  septa,  it  is  manifestly  better  to  keep  them  distinct 

elongated,  Btraight  or  curved,  subcjliDdrical  test,  adherent  by  its  expanded 
lower  extremity,  composed  of  a  single  series  of  thin  cbamoers  superim- 
posed, and  having  a  terminal  aperture  consisting  of  numerous  large  per- 
forations. It  is  an  Upper  Cretaceous  fossil  from  the  *'  Unter  Planer  '^  of 
Bohemia,  Saxony,  and  elsewhere. 

»  *  Annales  du  Museum,'  1804,  vol.  v,  p.  242  ;  figured  in  1816  in  vol. 
viii,  pi.  62,  fig.  12,  and  elsewhere. 

»  •  For.  Foss.  Vienne,'  p.  138,  pi.  21,  figs.  20  and  21. 
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I  the  Litnolte,  and  a  separaU!  genus  has  lieen  constituted 

r  generic  Urm  Reophax  was  etnjilnyeil  by  De  RIonlfoit, 
lOS/  for  An  itregiitar  eciir|iioiil,iuuruliforin  Liluola,  witii 
\  exi4>rioT  «n<l  simpU'  uixliviiled  chambers.  His  ligiire 
pied  from  one  of  Solilaiii's,^  and  as  it  representB  a  good 
1  ncatnple,  iheie  seems  uo  lensoii  why  the  name  should 
e  letiiiiied  for  the  non-lnbytiuthic  uniserial  group. 
r  the  pnTositic  or  adherent  moUilications,  d'Orbigny's 
trie  appellatiou,  Plucopsilitui,*  is  already  to  some  extent 
enployed  todesignkU  the  common  iion-lsib}  tin thic  forms,  and 
Mr.  Carter  bus  desciihed  uniler  the  name  Bdelloidina''  an 
*dh««at  arenaceous  oiganism  ajiparently  of  more  complex 
ijpe,  which  occu|iiefl  a  similar  poRitiou  in  the  labyrinthic 
series.  A  third  adherent  genus,  also  labyrinthic,  namely, 
f*)lypkragma,  has  been  instil  uted  by  Von  Reuss  for  a  set  of 
thin-shelled,  ctect,  columnar,  coral-like  forms  found  in  the 
Crvtaceuus  beds  of  Germany.  This  bears  considerable 
pruiw^^iciaresemhlnnce,  both  in  contour  and  mode  of  growth, 
to  ibe  genus  Haliphyguma,  liowerbank,  the  Rhizopod 
nature  of  which,  first  suggested  by  Mr.  Carter,  seems  now 
to  ba  fairly  eaiabliahed.  If  we  accept  von  Reuss's  view  of 
Palyphragma  as  the  labyrinthic  columnar  type  of  the  LttuO' 
Uttea,  HuUphyirma  would  take  the  corresponding  place 
unongBt  the  non-luhyrinthic  furnis.  But  the  question  still 
remains  whether  cither  genus  belongs  strictly  to  this  paiii- 
cular  group. 

The  term  Haphphraymium  is  in  general  use  amongst  con- 
tinental rhizopuiti»ts  tor  the  nautiloid  and  crozier-shaped, 
iwu-labynikthic,  rough  areniiceous  species  ;  indeed,  it  appeiirs 
to  hate  biH:n  ust-d  abroad  almost  indiKcriminately  fur  the 
Cretaceous  Lituolw.  I.astly,  there  are  the  straight  or  arcuate 
Dlkiseriat  forms  with  lubyriuthic  chambers.  To  these  Prof. 
I  Keiiu  bu  given  the  generic  name  Haplosticke,  but  of 
^wo  know  little  beyond  what  he  has  himself  written  in 
imptiou  of  its  Cretaceous  represenlativts. 

TUe  Q/ttammiaa  eametthla.  ;i.  63. 
'  Kapkai  ttdTpnm.  tl«  Moutfuil,  1S03,  '  COQClijIiologie  8jBl£malique,' 
nL  t,  p.  UO,  ti3e>  ittnrt. 
•  SoHsu-.   *Tp»Mf«>Kf«l)hi»,'  vtJ.  K  pt-  S.  P    339.  pi.  16i,  fip.  E. 
^Mtbi t^.i.i.. ,.  ■"■,fi»,ui,  d*Urbt^},  JSiC,  "Aim.  Sci.  Nal.,'  *oi. 

^By  I.  d'Orliisoy.  l^aO,  'I'rxMlniiiie  dc   ralfoat.,' vol. 

^^K  I  ,-cn  c<iiitimrii£«  ea  crostr  adlieicute  *ul  coriu." 

^■a  Nit.  lli«t,'  I&77.  Sir.  1,  vul.  Ill,  |J.  JOl,  \L  13, 
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The  adoption  of  the  subordinate  generic  terms,  quoted 
from  various  authors  in  the  foregoing  paragraphs,  as  the  basis 
of  an  arrangement  of  the  Lituoline  group,  is  not  to  be 
regarded  as  an  indication  of  any  material  alteration  of  the 
views  I  have  expressed  in  many  previous  papers,  both  alone 
and  in  conjunction  with  my  friends  Professors  W.  K.  Parker 
and  T.  Rupert  Jones.  On  the  contrary,  every  new  discovery 
seems  but  to  furnish  a  missing  link  in  a  chain  already  nearly 
continuous.  But  though  it  is  certainly  impossible  to  draw  a 
sharp  line  at  any  point  marking  a  distinct  stage  of  differen- 
tiation, there  is  none  the  less  a  necessity  for  distinguishing 
by  name  the  central  forms  of  the  principal  terms  of  the 
series,  and  these  are  what  must  stand  as  **  species."  Under 
such  circumstances,  or  perhaps  under  any,  **  genus"  is  little 
more  than  a  term  of  convenience. 

With  this  explanation  I  would  suggest  the  following  scheme 
for  the  arrangement  of  the  Lituoline  family.  It  is  in  part 
adopted  from  that  proposed  by  Professor  von  Reuss.  No 
new  terms  have  been  introduced,  its  object  being  to  set  in 
order  and  give  definiteness  so  far  as  our  present  knowledge 
extends  to  generic  names  already  more  or  less  in  use,  and  so 
to  avoid  the  confusion  of  fresh  terminology.  That  the  distinc- 
tions are  to  some  extent  artificial  may  be  freely  admitted,  but 
any  other  arrangement  that  suggests  itself  is  open  to  the 
same  objection. 

General  Characters. — Exterior  more  or  less  roxjghlt 
arenaceous;  septation  of  the  polythalamous  forms 
rudimentary  or  imperfect. 

A.  Non-labyrinthic. 

a.  Adherent  by  its  flat  surface  .        .        .  Placopnlina,  d'Orb. 

b.  Adherent,  columnar,  attached  at  one  end  Halipkysema,  Bow.  (P). 
e.  Free,  uniserial,  moniliform,  never  spiral  Reophax,  Montfort. 
d.  Free,  partially  or  entirely  spiral,  nauti- 

loid  or  crozier-shaped      .        .        .    Haplophragmium^  fteoBS. 

B.  Chamber-cavities  subdivided  or  labyrinthia 

a.  Adherent  by  its  flat  surface .        .        .    Bdelloidina,  Carter. 

b.  Adherent,  subcylindrical,  columnar,  at- 

tached at  one  end    ....    Polyphragmay  Keuss  (  P). 

c.  Free,    uniserial,    straight  or  arcuate, 

never  spiral EaplosticAe,  Reoss. 

d.  Free,  partially  or  entirely  spiral,  nauti- 

loid  or  crozier-shaped      .        .        .    Liiuola,  Lamarck. 

C?^tt«— PLACOPSILINA,  d'Orbigny. 
Oeneral  characters. — Test  adherent ;  composed  of  a  single 
convex,  tent-like  chamber,  or  of  many  such  segments  vari*- 
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I  combined.     Poljrtlialamous  forms  spiral,  crozier-shaped, 
Siline  or  tinetr  ia  contoui.     Texture  more  or  lesa  roughly 


PLACOrsiLIKA  VBSICCLAKia,  M.  Sp.    PI.  V,  fig.  2. 

^^^^mraeiers. — Test,  irregular  \a  shape  and  size,  spreading 
^^^bdeiinite  patcKes  over  stoaeB  ;  usually  composed  of  sever^ 
^^^Bex  chambers,  either  connected  by  short  stoloniferous 
^^^Elges  or  crowded  one  against  the  other ;  margins  rounded 
arlobulate,  with  simple  or  forked  tubular  extensions  which 
farm  ibe  pseudopodial  apertures. 

Tbe  drawing  (PI,  V,  fig.  2),  scarcely  needs  verbal 
comment  beyond  the  descriptive  characters  above  detailed. 
Placopsilina  t^sicularit,  is  by  no  means  a  common  species. 
Id  ooc  of  the  "  Porcupine"  dredgings  from  the  North  Atlantic 
(1816  CstbomsJ,  eent  to  me  by  Sir  Wyville  Thomson,  a 
nmnbirT  of  the  little  stones  brought  up  bad  adherent 
tpceiaeoa  in  various  stages  of  development,  and  from  one  of 
these  the  figure  is  taken. 

GwiM— REOPHAX,  de  Montfort. 

Oaieral  characters. — Test  free,  uniserial ;  consisting  of  a 

* !  flask-ahapod  chamber,  or  of  a  uumber  of  segments 

)  end   to  end  in  a  straight,  carved,  or  irregular  line. 

nre  arenaceous,  more  or  less  rough  externally ;  chamber 

•  simple,  non-labyrinthic.     Aperture  terminal,  simple. 

BxoriiAX  uiFFLuaiFORMis,  n.  sj>.     PI.  IV,  fig.  3,  a,  b. 

acters. — Test  free,  consisting  of  a  single,  undivided, 
ided,  or  oval  chamber,  with  produced  neck.  Wall  thin, 
■ceotu ;  the  constituent  particles  of  saud  neatly  joined, 

['  pretentiog  a  nearly  smooth  exterior.     Length  ^  inch 

I  millim.). 

I  this  little  oi^anism  been  found  in  fresh  or  brackish 
It,  or  even  in  shore-pools,  it  would,  without  doubt,  have 
\  aaaigned  to  the  Diffiugi^  ;  and  it  is  perhaps  an  assump- 

t  tmtber  than  an  ascertuined  fact  that  Rhizopoda  with 
late  p«»odo]K>dia  have  no  home  in  tbe  deep  sea.  Neverlhe- 

\  M  toe  tust  bears  the  sume  sort  of  relation  to  the  monili- 
LitvoUe  as  that  of  Lagena  does  to  the  Nodotaria, 
B  is  a  naiural  place  for  it  in  the  Reticularian  series. 

mere  is  nothing,  either  in  the  specimens  themselves  or  in 

Jom»  with  which  they  are  asiociated,  to  suggest  that  they 
Hbcr  than  nature  representatives  of  a  species;  but  ih« 


I 


52  HENRY  B.   BRADT. 

minute  structure  of  the  test  is  identical  with  that  of  some 
varieties  of  Reophaz ;  and  in  the  absence  of  any  distinguishing 
character,  save  the  completion  of  growth  in  a  single  chamber 
instead  of  running  on  to  form  several  segments,  I  am  not  dis- 
posed to  create  a  fresh  genus  for  its  reception.  It  may  be 
objected  that  the  LagencB  have  been  separated  generically  from 
the  Nodosaria  on  the  ground  of  the  monothalamous  and  poly? 
thalamous  conditions  of  their  respective  tests.  Without 
stopping  to  debate  the  propriety  of  this  division  from  a 
strictly  zoological  point  of  view^  two  pleas  may  be  urged  in 
favour  of  it ;  firstly,  that  amongst  the  LagetuB  there  are  many 
varieties  of  surface  ornamentation  quite  unknown  in  the 
Nodosarian  series,  which  is  strong  evidence  against  the 
former  being  merely  an  arrested  condition  of  the  latter ;  and> 
secondly,  the  convenience  of  generic  subdivision  where  there 
are  so  large  a  number  of  forms  to  be  named  and  arranged. 
Neither  of  these  reasons  are  applicable  to  the  present  case. 

Amongst  the  hyaline  Foraminifera  only  two  globular 
or  subglobular  monothalamous  types  are  recognised^ 
Lagena  and  Orbulina  ;  but  amongst  the  Arenacea  the  simple 
spheroidal  forms  pertain  to  at  least  four  or  five  genera,  the 
most  important  of  which  are  PsammosphtBra,  Saccammina, 
Hormosina,  and  Reophaz.  With  the  doubtful  exception  of 
Psammosphara,  all  of  these  have  polythalamous  as  well  as 
monothalamous  species. 

The  minute  size  of  Reophaz  difflugiformis y  its  flask-like 
contour,  and  peculiar  shell  texture,  are  sufficient  for  its 
identification. 

It  appears  to  be  essentially  a  deep-sea  species,  but  of  wide 
geographical  distribution.  I  have  note  of  its  occurrence  at 
five  of  the  ^^  Challenger"  stations,  of  which  one  is  in  the 
North  Atlantic,  two  are  in  the  South  Atlantic,  and  two  in 
the  South  Pacific.  In  one  of  these  the  depth  is  1900 
fathoms,  the  other  four  vary  from  2200  to  2740  fathoms. 

Eeophax  nodulosa,  n,  sp,     PI.  IV,  figs.  7,  8. 

Characters, — Test  long,  slender,  tapering,  straight  or 
arcuate;  consisting  of  several  (usually  less  than  twelve) 
segments,  joined  regularly  end  to  end,  and  more  or  less  em- 
bracing. Segments  oblong,  rounded,  somewhat  inflated, 
increasing  in  size  from  the  first  to  the  latest  formed.  Exte- 
rior more  or  less  rough ;  interior  neatly  finished.  Size 
very  variable— sometimes  as  much  as  an  inch  (25  millim.) 
in  length. 
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^^^Rmmtnifeni  of  a  great  varipty  of  size  ami  con(ouT  are 

^^^■^ced  under  this  one  appcific  name.     Kclivpen  straight 

HIHarcoUc  spvcimens  no    line  can  be  drawn  ;  again,  some 

I      MiriiJaaU  are  stout  and  few-chambered,  each  fresh  segment 

bring  cunftitlerably  larger    than    the    previous    oue,  whilst 

«bm  hare  inanT  chambers,  are  ihin,  and  taper  very  gra- 

dnally;  some  specimens  are  rough  and  sandy   estirtmlly, 

wbiUt  othTi    ate    nearly    smooth,     the    sand-grains    being 

•Itnoct  complelfly  iTicorpnrated  by  the  cement.     In  siie  the 

variaticm  is  rorrespondinfrly  wide  ;  minute  specimens  measure 

but  batf  a  millimetre,  whilst  large  ones  someiinies  attain  fifty 

Itmm  thai  len((lh.     Tlie  area  of  distribution  is  very  wide  ; 

■be  finest  aperimeus  have  been  found  at  stations  in  the  South 

AiUntic  and  in   (be   North  and    South  Pacific  Oceans,    at 

^pXha  of  from  1400  to  2000  fathoms, 

BifOPHAX  HEMBKANACSA,  K.  »p.       PI.  IV.  fig.  9. 

CXamrf«r>. — Test    long,    slender,    tapering,    arcuait',    or 

nvarly  Btraieht;  consisting  of  several  (five  lo  ten)  subcjlin- 

drieal  or  elliptical  segments  joined  end  lo  end.      Walls  thin, 

chitinoua,  beset   wilh  minute,  adherent  sand-grains;  oftea 

traoBversely  wrinkled.     Length  J^^^  in  inch  (1-4  millim.). 

^^^1  has  long  been   known  that,  within  certain  limits,  the 

^^^Hwcitiun    of  the  investment  of  the  testaceous  Rhizopoda 

^^^Bbds  ufM>n  what  may  be  termed  accidental  circumstances — 

^^^Bifions,  namely,  such   as   the  degree  of  salinity  of  the 

^BSnfT,  iia  iWpth,  the  nature  of  (he  bottom,  and  similar  ex- 

trancou*  influences.     Illustrations  of  this  fact  have  already 

I  adducetl  from  the  genera  Mitiola  and    Trochammina. 

riirmei  of  these  has  noimiiUyn  compact  calcareous  shell  of 

ous  lexiure,  ihe  latter  a  smooth  c  ale  area -arenaceous 

:  bath  of  ihem    by   degrees   lose   their   calcareous 

!   in  water  hnldine   a  deficiency  of  inoiganie  salts  in 

|i«»,  as  ill  brackish  puols  and  river  estnuries,  and  become 

Inoos  (IT  rhilino-nTenaceuus. 

r  two  deep  »uuniliiigB  from  a  very  muddy  bottom 

e  mohilifotm  hituola  hrtve  been  found  with  a  drlicaie 

rnt  of  light  hrown  tint  iind  nenrly  trans. parent.    The 

rry  tbin.and  is  only  pttrtially  soluble  in  weak  acids  ; 

rars  lo  consist  of  calcareous  and  chitinous  matter,  with 

■lino  a  few  very  minute  nilherenl  or  embedded  sitic 

l-Rratiis.     The    mineral    Cdiislitucnis 

^tity  to  rlTtTvescr  »liglilly  with 
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gestive  of  a  membrane  covering  a  soft  or  plastic  mass.  Unfor- 
tunately the  species  is  very  rare^  and  the  specimens  exceed* 
ingly  small,  so  that  material  does  not  exist  for  any  close 
investigation  as  to  the  chemical  nature  of  the  test^  nor  is 
sufficient  known  of  the  condition  of  the  sea  bottom,  in  these 
cases,  to  account  for  the  deviations  from  the  normal  type  of 
strtv^ture. 

The  best  examples  hitherto  procured  of  JR.  membranacea 
are  from  1900  fathoms,  off  the  coast  of  South  America,  in 
about  the  same  latitude  as  Buenos  Ayres. 

ReOPHAX   SPICULIFERA,  ».  Sp.      PL  IV,  figS.  10,  11. 

Characters. — ^Test  elongate,  straight  or  arcuate ;  consisting 
of  a  few  (three  to  six)  cylindrical  segments.  Shell-wall 
composed  of  siliceous  spicula  arranged  side  by  side,  and 
firmly  cemented  together.  Spicula  often  protruding  more 
or  less  from  the  base  of  the  segments.  Length  -^  inch 
(10  milUm.). 

This  is  one  of  the  many  species  of  Foraminifera  that  give 
evidence  of  considerable  selective  power  in  respect  to  the 
material  employed  for  the  construction  of  their  tests.  That 
it  is  selective  power,  and  does  not  depend  upon  the  absence 
of  the  angular  sand-grains,  which  are  the  ordinary  con- 
stituent of  the  composite  shells  of  the  LUuoUb,  is  rendered 
pretty  certain  by  the  fact  that  other  species  occur  in  the 
same  soundings  in  their  normal  sandy  condition.  Again, 
the  orderly  arrangement  of  the  spicula  side  by  side  and 
the  neat  and  compact  masonry  of  the  walls  cannot  be  acci- 
dental, contrasting  strongly  as  it  does  with  the  indiscrimi- 
nate use  of  sponge-spicula  amongst  sand-grains  and  various 
other  extraneous  bodies,  seen  in  the  tests  of  the  rough 
Lituoline  forms. 

Reophaz  sptculifera  is,  comparatively  speaking,  a  minute 
species,  being  seldom  more  than  -^  inch  (1  millim.)  in 
length.  It  occurs  at  several  of  the  ^^  Challenger''  stations 
in  the  South  Pacific,  at  depths  varying  from  250  to  2300 
fathoms,  generally  on  muddy  bottoms. 

G<?ni«— TROCHAMMINA,  Parker  and  Jones. 

The  genus  Trochammina  was  established  by  Messrs. 
Parker  and  Jones,'  for  a  group  of  arenaceous  Foraminifera 
characterised  primarily  by  their  thin,  smooth,  finely-cemented 
tests.     Although  the  name  was  originally  applied  to  a  Rotali- 

»  '  Annals  and  Mag.  Nat.  Hist..'  1859,  ser.  3,  voL  iv,  p.  347- 
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I  »1m:I1,'  the  authors  prefer  to  regard  the  trochoid,  often 
idbrretil  rariety  (2V.  tquama/a,  J,  nnd  P.),  as  the  type  of 
tfcegenas.  The  tenuity  and  iine  texture  of  the  arenaceouo 
bmstmnit  nither  than  the  mere  general  contonr  has  very 
prnperlf  been  accepted  as  the  essential  disimclion,  and  fresh 
iorntM  pouessmg  this  character  have  one  by  one  been  added 
e  genus  until  it  has  come  to  include  a  series  having  a 
f  witle  mni^  of  morphological  variation.  Not  only  have 
x?h<iid  and  Rotaliform,  but  iiautiloid,  Milioline,  Spiril- 
piiiil.as  we  shall  presently  see, Lageniform  and  Nodosarian 
alions  of  the  type.  In  addition  to  these  there  are 
■in  simple  adherent  organisms,  described  by  d'Orbigny 
r  the  name  fVelbtna,^  whose  natural  affinity  is  with  the 
t  group  I  in  point  of  fact  the  term  Trochammina,  with 
t  repealed  additions,  has  come  to  comprehend  an  assem- 
geof  forms  having  the  dimensions  of  a  Family  rather  than 

^  The  series  is  now  altogether  too  bulky  and  diverse 

la  be  zoologically  convenient,  and  it  is  necessary  to  consider 
wbvther  >t  may  not  be  subdivided  with  advantage.  Prof. 
TOO  R«uw  makes  a  distinct  genus  of  the  Spirilline  Don- 
tnrtale  forms,  to  which  he  gives  the  name  Ammodiscus,  and 
tiuM  term  has  been  generally  adopted  by  German  authors. 
If  WB  accept  Weftbina  to  distinguish  the  simpler  adherent 

Ketiea  and  Ammoditcus  for  the  free,  non-septate  forms,  and 
it  the  application  of  Trochammina  to  the  well  (Meren- 
Bd  septate  modifications  of  the  type,  to  which  it  ^A^  ^^^ 
Erd,  tiiere  only  remain  the  NodosariaAWe  species  to  be 
ridetl  for,  and  for  these  the  term  Hormoaina^  would  be  a 
able,  generic  or  subgeneric  appellation.  I  venture,  ihere- 
^  to  propose  the  following  arrangement  of  the  group, 
must  be  bomeinmind,  however,  that  the  allueiona  which 
k*«e  been  made  to  the  minute  Etructure  of  the  test  apply 
only  to  fpccimens  existing  under  normal  conditions,  i.«.  in 
Ma  water  of  ordinary  salinity.  I  have  elsewhere  shown* 
tkmt  if  the  proportion  of  mineral  constituents  is  from  any 
oaoae  redoced,  as  in  river  estuaries  and  brackish  pools,  the 
arcoaosoai  investment  of  the  Trochammina  becomes  less 
His,  and  specimens  may  sometimes  be  found  under 
i.  crrcamstancea,  which  are  scarcely  altered  by  treatment 
|i  arida.  Such  individuals  are  still  sandy  and  preserve  to 
JTm/i/u  ta|r«fM.  UonlAgu,  IHOS,  'Tnt.  Brit.  Suppl  '  p.  81.  pL  13. 
V—BaUlUa  imJUU,  Willianison,  1S6S.  'Bcr.  For.  Gt.  Br..'  p.  50. 
C  I,  &K.  M,  9». 

'  FWaai.  Ouaiiu,'  i>.  US. 

From  in>«b  a  nacktafc 

■Am.  aad  Ui«.  Ntf.  Bi*t.,'  Kr.  4,  vol.  vi.  p.  38,  SI,  ie..  pi.  11 
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a  great  degree  their  ordinary  form  and  appearance,  bat  the 
fiaelj  cemented  test  is  replaced  bj  a  membranous  or  ehiti- 
noos  enTclope,  to  which  the  sand-grains  are  adherent,  or  in 
which  thej  are  partially  embedded. 

TROCHAMMIXA. 

General  characters. — ^Test  thin  ;  composed  of  minute  sand- 
grains  incorporated  bj  calcareous  or  other  inorganic  cement 
of  fine  texture,  or  embedded  in  a  chitinous  membrane ;  exte- 
rior smooth,  often  polished  ;  interior  smooth  or  rarely  reticu- 
lated, nerer  labyrinthic. 

Amxodiscts,  Reuss. — ^Test  free,  formed  of  a  tube  of  nearly 
even  diameter  coUpd  upon  itself  in  Tarious  ways  ;  sometimes 
slightly  constricted  at  interrals,  never  really  septate. 

Examples:  Ammodiscus  tikrer/a  (d'Orb.) ;  A.  gordiaUs^ 
J.  and  P.;  A,  charoide$,  P.  and  J,;  A.  mUioUndes^  P.,  J., 
and  K. ;  A.  pusiUa  (Geinitz) ;  A.  JUum  (Schmid);  &c 

Trochamxina,  p.  and  J.  (proper). — Test  rotaliform, 
nantiloid  or  trochoid,  free  or  rarely  adherent,  more  or  less 
distinctly  septate. 

Examples  :  Trochammina  inflcUa  (Mont.) ;  TV.  eoronato, 
nov. ;  Tr,  squamaia,  J.  and  P. ;  TV.  macreseens,  Brady ; 
TV.  trtdlissata,  nor. ;  TV.  ringens,  nov. ;  TV.  paueiloculaia, 
nov. ;  &c. 

HoRMOSiNA,  nov, — Test  consisting  typically  of  several 
segments  in  a  single  straight  or  arcuate  series.  When  the 
primordial  segment  is  large^  growth  is  arrested  and  a  lageni- 
form  test  is  the  result. 

Examples :  Hormosina  globuUfera^  nov. ;  H.  otaia, 
nov. ;  &c. 

Wkbbina,  d*Orbigny, — Test  partially  or  entirely  adherent ; 
consisting  of  a  single  hemispherical,  oval,  or  subspherical 
chamber^  with  or  without  an  adherent  semi-cylindrical 
neck ;  or  of  a  series  of  tent-like  chambers  united  by  adherent 
stoloniferous  tubes. 

Examples :  Wehhina  irregularis^  d'Orb. ;  W,  hemis- 
pherica.  P.,  J.,  and  B. ;  W.  altemans^  P.  and  J.  j  W.  da- 
vata,  P.  and  J.;  &c. 

Trochammina  trullissata,  n,  sp,  PL  V,  figs.  10,  a  J,  11. 

Characters, — Test  nautiloid,  compressed,  lenticular, 
somewhat  excavated  at  the  umbilicus ;  composed  of 
about  three  convolutions,  of  which  but  little  more  than  the 
latest  is    visible;     peripheral    margin    acute  or  somewhat 


ndrd.     S«(tineMts  nbout  nine  in  each  c 
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less 


innate    liiii 


ivolutio 


.  Septa 


inly   slightly    .te- 

KxteHor  smooth, usually  polished;  interior  surface 

TVticalnte;     colour    brown,        Aperlure     crescenlic, 

I  on    the  facr  of  the  terminal  chamber,  close  to  the 

inn  of   the    previous  convolution.       Diameter  -^  inch 

lir  first  examples  of  tliis  beautiful  little  shell  that  came  ' 

r  roy  notice  were  in  ihfi  Rev.  A,  M,  Norman's  mouutings 
1  the  •■  Valorou*"  dredgings  in  Uavis'  Straits,  but  the 
isllenger"  mnlerial  has  yielded  a  supply  of  specimens 
■  number  oflocnlities.  Trorkammtna  trullissata  is  easily 
iiishud  from  any  olher  species  by  its  perfectly  regular, 
luid,  or  Ndtiionine  contour,  the  number  of  chambers  in 
their  sigmoid  auiural  lines,  and  its  polished 
It  is  not  unlike  the  very  large  nautiloid 
tammina,  in  its  (general  conformation,  but 
fiom  it  in  point  of  siie  and  internal  siruc- 
»  inner  surface  of  the  test  of  TV.  trullissata  some- 
thnn  nhihits  ■  slightly  raided  reliculatiuti,  but  this  in  no 
«*v,  *a  r^r  as  m*  ubservation  goes,  is  more  than  a  mere 
superficial  marking,  and  never  comes  to  anything  re- 
•riDbling  the  cancellated  shelly  growths  that  often  nearly 
fill  the  rhsmbers  of  Cyclammina. 

Thr  dtsiributiun  of  the  species  is  wide,  but  it  is  by  no 
•tesna  abundant  in  any  locality.  The  best  "  Challenger  " 
tpcdmens  are  from  iwostaliona  in  the  North  Adanlic  and 
two  in  the  Souih  Atlantic,  the  depth  of  water  varying  from 
$90  to  2S00  fathoms. 

Tkochammina  rinobns,  n.  ip}     PI.  V,  fig.  12,  a,  b. 

Cftora^fcrs.-^Test  nautiloid ,  ubiung,  compressed,  biconvex ; 

<— pOi«d  of  few  convolutions,  of  vrhicb  the  last  entirely  en- 

doaea  the  prevtoui  ones.     Feripheral  margin  acute-angular, 

•r«l%hUj  rounded,  lobiilate;  s^pial  lines  curved,  somewhat 

nntetl.     Segments  large,  about  five  in  each  convolution. 

Colour  browu,  Murface  usually  polisbeil.     A[ier- 

I  arcunle   slit,  overhung  by  a  slight  swelling  or  pro- 

e  on  the  face  of  the  teritiinal  chamber,  and  near  the 

s  prcrious  convolution.  Longer  diameter  ^  inch 
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Drochammina  ringens  is  nearly  allied  to  the  species  last 
described ;  the  points  of  distinction,  are  nevertheless  suffi- 
ciently apparent.  Compared  with  TV.  trullissata,  it  has  only 
about  half  the  number  of  segments  in  each  convolution,  and 
the  final  whorl  completely  encloses  the  previous  ones,  instead 
of  leaving  the  penultimate  coil  partly  exposed  at  the  centre. 
The  general  contour  of  the  test  is  biconvex  rather  than 
depressed  in  the  umbilical  region,  and  the  terminal  segment 
is  conspicuously  l&rge.  In  colour,  texture,  and  minute  struc- 
ture, the  two  forms  are  alike,  but  2V.  ringens  has  none  of 
the  reticulation  of  the  inner  surface  of  the  shell  that  has 
been  ascribed  to  TV.  trtdlissata. 

It  appears  to  be  a  very  rare  species.  I  have  only  notes 
of  its  occurrence  in  three  of  the  '^  Challenger  "  dredgings,  one 
of  them  from  the  North  Atlantic,  off  Siera  Leone  (1750 
fathoms),  one  from  the  South  Atlantic,  off  Buenos  Ayres 
(1900  fathoms),  and  the  other  from  the  North  Pacific  (1850 
fathoms). 

Since  the  above  description  was  written  I  find  that  the 
Rev.  A.  M.Norman  has  this  form  also  in  his  collection  from 
the  '^  Valorous"  dredgings  at  the  entrance  of  Davis'  Strait^ 
in  1750  fathoms. 

Trochammina  pauciloculata,  «.  $p.    PL  V,  figs.  IS,  14. 

Characters. — Test  ovoid,  slightly  compressed,  obscurely 
spiral ;  composed  of  about  two  convolutions,  the  latter  of 
which  almost  entirely  couceals  the  earlier  one.  Segments 
few,  usually  three  in  each  convolution,  inflated;  sutures 
slightly  constricted.  Test  thin,  finely  arenaceous,  brown  ; 
exterior  smooth,  often  polished  ;  interior  smooth.  Aperture 
a  curved  slit  on  the  superior  surface,  at  the  inner  margin  of 
the  last  segment.     Length,  -^  inch  (0*45  millim.). 

Though  a  very  minute  species  Troehammina  pauciloculata 
is  striking  and  distinct.  It  is  isomorphous  with  the  genus 
Allomorphina  of  Reuss,  the  recent  specimens  of  which  are 
of  even  smaller  dimensions,  but  it  has  the  shell  texture 
characteristicof  its  own  genus,  whilst  Reuss*s  type  is  hyaline 
and  perforate.  In  its  general  plan  of  growth  it  closely 
resembles  the  Rotalians,  notwithstanding  its  small  number 
of  segments,  and  their  unsymmetrical  disposition. 

Trochammina  coronata,  n.  sp.   PI.  V,  fig.  15. 

Characters, — Test  nautiloid,  biconcave,  composed  of  few 
convolutions ;  peripheral  margin  lobulate  and  rounded.  Seg- 
ments   distinct,  variable  in    number,  inflated.       Aperture 
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:,  nluste  on  the  face  of  the  terminal  segment  near  its 
tion  with  the  previous  convolution.  Colour  buff  to 
reJiliab  brown  ;  surface  smooth,  not  polished.  Diameter  ^ 
inch  (2-5  mm.). 

This  handsome  species  differs  from  its  congeners  in  size  as 
well  aa  in  general  contour.  The  larger  specimens  are  fully 
ODC  tenth  of  an  inch  in  diameter,  and  are  coronate  or  hicun- 
ajt  in  form.  The  chambers  are  few  in  number,  tent-like, 
and  more  or  less  embracing,  though  the  successive  convolu- 
tions do  not  entirely  conceal  those  immediately  preceding 
them.  The  width  of  the  spiral  baud  increases  with  each 
turn,  and  the  chambers  of  the  final  whorl  are  very  much 
larger  than  those  of  (he  earlier  ones.  The  texture  of  the 
int  ia  uniformly  very  finely  arenaceous  and  opaque,  but 
within  certain  ItmiU,  i.e.  from  a  creamy  white  to  a  dark 
brawn,  the  colour  varies  a  good  deal.  Amongst  previously 
deccribed  Foraminifera  it  is  not  easy  to  find  any  with  cha- 
ncten  approaching  those  of  Troihammina  coronata ;  per- 
hap«  the  nearest  is  3V.  I'n^to,  but  in  that  species  the  teal  is 
Rolaliform,  in  other  words,  all  the  segments  are  more  or  less 
expoaed  in  a  spiral  line  on  the  superior  face,  whilst  those  of 
the  last  convolution  only  are  visible  on  the  inferior  side, 
Akh  is  very  different  from  the  symmetrical,  nautiloid  habit 
{tfar  n«w  aperies, 
fine  specimens  of  TV.  coronata  have  been  met  with  at  the 
Rem  side  of  both  the  North  and  South  Atlantic,  namely, 
ai  two  stations  near  the  West  Indies  C390  fathoms  and  450 
fathoms),  and  at  two  siatiuns  off  the  coast  of  South  of  America 
(675  fathoms  and  VM)0  fathoms). 

Tsochahhina  utuipokmis,  n.  ap.  Fl.  V,  fig.  16. 
Cktraeter*. — Teat  free,  crozier-shapedf  consisting  of  an 
imgularly  septate  or  pseudo-septate  tube,  spiral  at  its  com- 
■Siwiinnt.  Uterwants  linear.  Segments  irregular  in  size, 
mbe^Undrical  or  ventricoee;  suturul  lines  excavated. 
Afcititte  simple,  terminal.  Surface  smooth  ;  colour  light 
brawn.      Lmglh  i  inch  (3*7  millim.). 

Tkera  ars  already  known  at  least  two  crozier-shaped 
varislies  of  Trockatamina,  the  Carboniferous  TV-  ceatrifuga, 
mA  lbs  Permian  7V._/f/um,but  these  are  alike  characterised 
\n  ike  absence  of  septa  both  in  the  spiral  and  linear  portions 
of  the  t«sU,  and  pertain  rather  to  iixe  AmmodUcut  aeries  than 
to  Trocitammina  proper.  They  are  aUo,  both  of  them,  com- 
pniively  minute  in  siee.  Theepecimens  now  described  are 
•f  fine  dim«iuioDB>  though  somewhat  irregular  in   genera 
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contour  and  in  septation.     In  colonr  and  shell>textare  tbey 
are  precisely  similar  to  Trochammina  ecronaia, 

TrochamtMna  litmformu  has  been  met  with  in  the  North 
Atlantic  (West  Indies,  S90  fathoms,  and  off  the  Asores,  900 
fathoms),  and  at  two  stations  in  the  South  Atlantic,  on  the 
coast  of  South  America  in  about  the  latitude  of  Pemambuco 
(350  and  675  fathoms). 


HORMOSINA  GLOBULIFEHA,  91.  Sp.     PI.  lY,  figS.  4,  5. 

Characters. — Test  composed  of  a  single  spherical  chamber 
with  a  tubular  neck,  or  of  sereral  (2  to  6)  such  chambers, 
each  larger  than  its  predecessor  and  more  or  less  embracing 
it.  Segments  arranged  in  a  straight  or  cunred  linear  series, 
terminating  in  a  thin  tubular  neck.  Texture  Tery  finely 
arenaceous,  surface  smooth.  Length  of  polythalamous 
specimens  often  -j-  inch  (S  millim.). 

The  figures,  4  and  5  of  PI.  lY,  afford  a  Tery  insufficient 
representation  of  this  species,  inasmuch  as  specimens  are  not 
uiifrequently  found  possessing  four,  five,  or  even  more 
chambers,  and  of  correspondingly  increased  dimensions.  In 
default  of  room  for  sufficient  figures,  the  object  has  been  to 
illustrate  a  tendency  not  uncommon  amongst  Foraminifera, 
which  shows  itself  strikingly  in  this  particular  species, 
namely,  the  cessation  of  growth  after  the  formation  of  a 
chamber  of  relatively  large  size.  As  a  rule  the  specimens  of 
Hormosina  glohvlijera  which  have  the  largest  number  of 
segments  are  those  with  the  smallest  initial  chambers,  and, 
on  the  other  hand,  if  a  very  large  primordial  chamber  is  found 
the  test  usually  remains  monothalamous  and  no  further 
growth  takes  place.  A  comparison  of  the  size  of  the  Lageni- 
form  test  (fig.  4)  with  that  of  the  earlier  segment  of  fig.  6, 
will  illustrate  this  fact.  The  rule  holds  good  not  only 
of  the  first  chamber,  but  in  varying  degree  to  the 
life-history  of  Foraminifera  generally.  It  is  very  com- 
monly seen  in  polythalamous  species  that,  with  the  forma- 
tion of  a  chamber  of  abnormal  size,  the  growth,  that  is,  the 
continued  segmentation  of  sarcode,  is  abruptly  stopped. 
Instances  of  this  occur  in  every  section  of  the  Order.  What- 
ever, therefore,  may  be  the  significance  of  monothalamous  as 
distinct  from  polythalamous  tests  amongst  the  Rhizopoda  of 
other  groups,  the  character  in  this  case  is  not  of  specific,  still 
less  of  generic  importance. 

There  is  no  difficulty  in  distinguishing  these  Horfno$in<B 
from   their    Lituoline    isomorphs   by    their   regularity    and 
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srmmetry  of    rorm,  their  thin    walls,  and  smooth,  almost 

tuMDtl^lll-OIJX,  IP8l8. 

U.  gMulifi-Ta  is  esseatiHlly  a  licep- water  Foraminifer.  t)ut 
of  rijjlit  Ii>citli[ica  in  which  I  hKve  notes  of  its  occurrence, 
■is  itrc  at  depilis  of  more  <hnn  1000  fathoms,  and  three  of 
tbr«e  »t  more  thim  2000  fathoms,  lis  distribution  appears 
la  b«  world  wide,  the  "Challenger"  collections  furnishing 
fpecitnrns  ftora  biith  the  North  and  South  Atlantic  and  the 
Nortli  arid  South  Pucific  Oceans. 

HoBUOBtKA  OVICDLA,  «.  ip.      PI.  IV,  fig.  6. 

0iaTOcttTB. — Test  long  and  very  slender,  tapering  ;  Gom- 
jUMn)  of  several  fusiform  segments  joined  end  to  end,  withunt 
ovtriappiiig.  iu  straight  or  slightly  curved  linear  series. 
Walb  tiiin,  texture  very  finely  arenaceous.  Colour  yellowish 
limwn,  with  a  band  of  somewhat  darker  hue  encircling  the 
naTTowesl  part  of  the  stoloniferous  tubes.  Length,  4  inch 
(5  millim.). 

A  Terr  delicale  fragile  little  organism  and  one  seldom  found 
entire.  Hortnosinaovicula  stands  in  much  the  same  relation 
to  H.  glohnJiffra  that  Nodosaria  pyrula  does  to  N.  radicula  ; 
thftt  is  to  say,  its  segments  are  produced  at  the  two  ends  and 
ar«  joined  by  their  narrow  extremities,  instead  of  the  suc- 
ceaaive  lobes  being  sessile  and  more  or  less  embracing. 
The  deepening  of  the  brown  colour  in  portions  of  the  teat, 
■kkb  has  been  noticed  in  connection  with  other  species, 
Wws  itself  in  the  present  instance  in  the  little  ring  sur- 
pnding  the  stoloniferous  tubes  at  their  narrowest  point. 
of  these  points  having  been  of  course,  in  its  turn,  the 
u<)<ipudiat  aperture  of  the  shell. 

Hormoaina  oeirula  is,  to  even  a  greater  degree    than  its 

Ifcenrr,  //.  gioSuli/i^a,  a  deep-water   species.     Specimens 

ir*  been  met  with  in  six  of  the  "  Challenger"  dredgings, 

kich  represent  depths  runging  from  190O  to  2600  fatlioms, 

I  1  have  no  note  of  its  occurrence  in  shallower  water.   Of 

1,  two  were  dredgings  from  the  South  Atlantic,  two  from 

inU  lying  to  the  South  of  Australia,  and  two  from  the 
fiUx  Pttctfic. 
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Gf«wf — CYCLAMMINA,  nau. 

(dracXocy  ^  Circle ;  oftfio^,  sand.) 

Ctclammixa  cahcellata,  n.  sp. 

NMtiloid  LiiMoLh  Cmenter,  1875.  'The  Ifimteope  and  ite  ffrr^iiiiiMi/ 

fihh  ed^  p.  536,  fSg.  274,  a,  ^,  «. 

Cj^eiammiMa  eoMeellaia  (Brady,  ILS.),  Nomuii,  1876.  'Pkw.  Boj.  Soe. 

LoiuL,'  ToL  XTT,  p.  314. 

LUm>laeamm€Mm,CMter,im.    '  Ann.  and  Mig.  Nat  Hkt,' aer.  4^  voL 

zix,  p.  203,  pL  13,  figs.  26—39. 

GuMracten. — ^Test  free,  nautiloid,  biconvex,  depressed  at 
the  umbilicos ;  margin  entire  or  slightly  lobnlate,  angular 
or  somewhat  rounded ;  composed  of  firom  two  to  three  con* 
Tolutions,  each  of  which  encloses  completely,  or  almost  com- 
pletely, the  previous  ones.  Segments  numerous,  ten  to 
sixteen  in  the  last  convolution ;  narrow,  bounded  by  sinuate, 
slightly  excavated  lines  radiating  from  the  umbilicus.  In- 
terior of  the  chambers  almost  (sometimes  entirely)  filled  with 
finely  arenaceous  tubular  growths.  Sur&ce  smooth  and 
imperforate,  except  where  abraded;  colour,  various  shades 
of  brown.  Aperture  normally  a  crescentic  slit  in  the  ter- 
minal segment^  close  to  its  union  with  the  previous  convolu- 
tion ;  but,  in  addition,  there  are  often  a  number  of  large 
pores  irregularly  distributed  on  the  face  of  the  terminal 
chamber.  Size  variable ;  many  specimens  reach  f  inch  (4 
millim.)  in  diameter. 

The  main  structural  features  of  this  interesting  type  have 
been  already  treated  by  Dr.  Carpenter  (loc.  cit.);  but  as  the 
manuscript  name  appended  to  my  specimens  several  years 
ago  has  been  employed  by  at  least  one  author  to  distinguish 
the  species,  it  seems  right  that  I  should  summarise  its 
zoological  characters.  This  is  the  more  necessary  because 
the  organism  has  no  place  in  the  scheme  which  I  have  sug- 

fested  for  the  Lituoline  genera.  I  cannot  quite  agree  with 
>r.  Carpenter  in  regarding  it  as  a  Littwla ;  still  less  with 
Mr.  Carter  in  assigning  it  to  Lituola  canariensis,  which 
is  a  very  distinct,  minute,  thin-shelled,  Nonianina-like 
species.  As  1  believe  it  is  one  of  the  forms  concerning  which 
we  have  more  to  expect  from  Dr.  Carpenter's  pen,  it  would 
be  unbecoming  in  me  to  enter  into  minute  details  respecting 
its  structure. 

Cyclammina  canceUata  is  very  widely   distributed.     In 
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ad«Ultoa  to  the  examples  from  North  Atlantic  localitiee, 
obuincd  by  the  acientific  staffs  of  the  "  Porcupine"  and  the 
"  V«loroo»,"  fine  spevimens  have  been  found  in  many  of  the 
"Clialleuger"  dredginga,  namely,  from  off  the  Canaries  and 
fnm  the  West  Indies  ;  from  two  or  three  stations  in  the 
South  Atlantic ;  from  the  South  Pacific  (off  New  Zealand) ; 
ami  from  the  Eastern  Achipelago.  The  depths  of  these 
Hosdings  range  from  350  futhoms  to  1900  fathoms,  but  the 
kt;^t  apecimena  occur  on  bottoms  of  less  than  700  fathoms. 
A  rrry  interesting  modification  of  the  type — perhaps  only 
a  r&rieiy — occurs  in  deep  water  off  the  coast  of  South 
America.  It  ia  somewhat  smaller  than  the  common  form, 
and  differs  from  it  in  general  contour  and  in  colour,  lis 
«fcape  18  Dearly  globular,  so  that  it  may  be  regarded  as  an 
itom«r[iti  of  S'oni'onma  pompUioides ;  it  is  of  a  beautiful 
^fnj  hue,  and  the  surface  presents  almost  more  than  the 
~'     1*1  glossiness. 
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BnsAacBja  on  the  Flagelutb  iNrosoRiA  and  Allied 
OaoAXtsHs.  By  O.  BiirscHLi,  Professor  of  Zoology  in 
Uu  UnWeTsity  of  Heidelberg.' 

PkorK&snB   BirrscHLi  points  out  the  value  of  a  careful 

atadv  of  the  Flagellaia,  some  of  which  appear  to  be  more 

nearly  allied  to  the  vegetable  than  to  the  animal  kingdom. 

Hecnocludes  his  preface  with  a  hope  that  he  may  be  able  at 

^^^^tun:  time  to  amplify  the  present  record. 


—The  Trwk  Fjjqellata. 


lella.— Cienkowski  {"  Ceber  Palmi 
einigfl  Flagellaten,"  'Arch,  fiir  mikr.  Auat.,' 
p.  «8). 

Small  Plagellnia,  which,  so  far  as  is  known,  i 
Th*jr  are  either  freo-swimraing,  or  are  temporarily  attached 
by  a  threadlike  prolongation  of  the  hinder  end  of  the  body. 


illaceen     und 
Bd.  vi,  1871, 


colourless. 


'  Ainlnd  fniBi  ■  paHr  in  tho  '  ZtitMlirirt  t.  WiMonsch.  2uolagtc, 
S,  ty  DArcf  rovnr.  B.A.,  Kiotcr  Coll.,  Oxford. 
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Anteriorly  is  a  flagellum  of  considerable  size,  near  which  are 
sometimes  one  or  two  smaller  accessory  flagella.  Food 
materials  are  received  into  a  vacuole  formed  at  the  base  of 
the  flagellum  ;  this  vacuole  in  some  forms  becomes  converted 
into  a  liplike  prominence.  A  nucleus  is  present.  Repro- 
duction has  as  yet  only  been  seen  to  take  place  by  simple 
division  during  the  motile  stage.  According  to  Cienkowski 
a  cyst  is  produced  in  the  inner  part  of  the  protoplasmic  body 
of  the  organism,  a  portion  of  which  is  consequently  lost  by 
the  encystation. 

Spumella  termo,  J.  Clark  ('Ann.  and  Magaz.  Nat. 
Hist./  4th  ser.,  vol.  i,  p.  135,  figs.  1 — 4). 

Manas  termo,  Ehrenberg  (?),  (^  Die  Infusionsthiere  als 
voUkommene  organismen/  Leipzig,  1838,  p.  7,  pi.  i,  fig.  2.) 

These  Monads  (Plate  vi,  figs.  1  and  2)  were  often  found 
by  Biitschli  as  small  Flagellata  widely  difi^used  in  foul  water. 
In  spite  of  a  few  minor  differences  they  appear  to  be  identical 
with  the  form  described  by  Clark,  and  with  the  Manas  terma 
of  Ehrenberg.  Spumella  terma  is  a  small  organism  with  a 
somewhat  oval  and  flattened  body ;  the  greatest  thickness  is 
0*005 — 0*006  mm.  in  an  average-sized  specimen.  These 
small  Flagellata  are  usually  more  or  less  fixed  by  the  hinder 
end  of  the  body,  which  is  not  rounded  off,  although  no 
peculiar  shell-like  prolongations  of  this  end,  produced  from 
the  body  itself,  are  visible  ;  but  occasionally,  as  generally 
happens  in  Spumella  vulgaris  (Cienk.),  the  posterior  end 
is  drawn  out  into  a  delicate  process.  Sometimes  the 
Spumella  leaves  its  resting  place  and  swims  about  rapidly 
by  means  of  its  flagellum.  During  the  resting  stage  the 
flagellum,  which  springs  from  the  anterior  end  of  the  body, 
is  seen  curved  in  the  way  figured. 

No  accessory  flagellum  is  perceptible  in  this  species. 
Near  the  base  of  the  flagellum  rises  the  lip  as  a  corner  of  the 
somewhat  sharply  defined  anterior  edge  of  the  body.  The 
lip  either  consists  of  colourless  protoplasm,  like  the  true  body 
of  the  organism,  or  it  appears  more  transparent,  because  it 
has  produced  within  itself  a  vacuole  filled  with  fluid 
(fig.  1  a).  This  vacuole  of  the  liplike  prominence  is  sub- 
servient to  the  reception  of  food ;  thus,  the  Bacteria  and 
Micrococci,  which  constitute  the  chief  food  of  the  organism, 
are  driven  against  the  liplike  prominence  by  the  lashings 
of  the  flagellum ;  they  either  escape  or  are  taken  into  the 
vacuole,  which  is  now  much  swollen  (fig.  1  b).  The  vacuole 
then   passes   gradually   down,  along  the  side  of  the  body 
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^^^■1  c),  to  the  i>otterior«nd,  where  it  uhimstely  becomes  eo 
^^^^bIt  earrounacd  thnt  it  no  longer  projects  sac- like  beyond 
^^■rtoay.  After  a  time  such  particles  appear  to  lose  the 
ncnole  by  which  ihey  were  surrounded,  and  numbers  are 
&Niad  tjing  fiee  in  the  protoplasm.  Occasiunally,  also, 
vicaoiea  conioining  no  food  tnateriaie  are  carried  bnckwarda. 
It  tbos  •eenis  as  if  the  vacuoles  were  formed  at  definite 
iDlervnia,  and  were  pushed  back  without  the  ingestion  of 
feodftcting  aa  a  necessary  stimulus.  The  vacuoles  may  also 
be  formed  directly  oa  the  ingestion  of  food,  although  one  is 
wvklly  readily  prepared  for  such  an  event  in  the  liplike  pro- 
■nicncv.  Clark  supposed  that  tbere  was  acytostome  or  cell 
mouth  between  the  base  uf  the  flagellum  and  the  lip,  usually 
kept  closed,  which  allowed  the  lip  to  play  a  part  in  the  swal- 
lowing of  food.  The  process  of  the  rejection  of  food  remnants 
baa  been  obser^'ed  by  Biitschli  in  a  stalked  form  of  moderate 
Mm  ;  tiu!  materiiils  to  be  extruded  were  surrounded  by  large 
im-gulai  vacuoles  formed  from  time  to  lime  within  the  body ; 
ttiete  racu«lea  were  moved  to  the  side  on  which  was  the  lip, 
and  stood  out  hernial  like  from  it,  when  they  either  emptied 
th«tr  contents,  or,  &till  retaining  them,  were  pinched  off  from 
tbr  body. 

A  single  rapidly  contracting  vacuole  was  constantly  present 
•Q  th«  tide  opposjts  the  lip.  A  vesicular  nucleus  with  clear 
bordvr  and  dittiuct  nucleoli  was  frequently  visible  in  the 
anteriar  (tart  of  the  body,  not  far  behind  the  base  of  the 
imgnWxtm. 

Of  the  phenomena  of  reproduction,  Biitachli  only  suc- 
ceeded in  ohseivin};  the  frequent  divisions,  which  are  executed 
in  a  way  whii^h  sreins  to  be  geueral  in  the  small  proportion 
of  Flagt^llala  which  have  as  yet  been  examined  in  regard 
In  this  point  (Tlate  vi,  fig.  S).  In  the  individual  which  is 
about  to  divide  n  second  flagellum  makes  its  appearance. 
Thtia  instead  of  the  primitively  simple  tlagellum,  two  are 
ftmaad.  Tbu  shape  of  the  organism,  however,  is  not 
oottoeably  changed,  except  that  it  appears  slightly  more 
clobutar,  and  the  lip  prominence  seems  to  pass  away.  Tht 
hinbiiT  prooess  of  division  can  be  followed  in  fig.  ~,  a  to  e. 
The  body  of  ilie  urganism  is  first  constricted  and  then 
divided  between  the  separated  flagella.  The  pioched-off 
partf  [til  n  ;;T^(!iinlly  draw  awuy  from  each  other  for  a  con- 
si.li  lill  ihe  two  daughter  organisms  are  only 

u:,  Micate  thread,  which  ultimately  breaks, 

h:  :  of  the  division  sepiirate  from  each  oiber. 

llir-  ni.x..-  II'  »:iir(i  thi!  multiplication  of  the  fln^clla  takes 
ptac«   ia  not  determined,     llie   enUie  process  uf    division 
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occupies  only  a  few  minutes,  but  from  the  minuteness  of  the 
organism  the  behaviour  of  the  nucleus  cannot  be  obserred. 
No  encystation  has  as  yet  been  noticed  in  this  form. 

Spumella  neglecta,  Monas  neglecta,c{.  Clark  (loc.  cit.^ 
p.  188,  pi.  y,  figs.  5,  6),  is  closely  allied  to  the  form  just 
described. 

Spumella  vulgaris,  Cienkowski  (loc.  cit.).  BiitschU 
is  able  on  the  whole  to  confirm  Cienkowski's  description.  It 
is  distinguishable  from  Spumella  termo  by  its  very  round, 
and  almost  spherical  shape,  and  by  the  absence  of  the  liplike 
prominence. 

Spumella  (?)  truncata,  Fresenius  (" Beitrage zur  Ken- 
ntniss  kleinster  organismen,^'  ^Abhandl.  der  Senkenberg. 
Gesselsch.  zu  Frankfurt-a-M.,'  Bd.  ii,  pi  x,fig.  42),  is  placed 
provisionally  with  Cienkowski's  Spumella ;  it  is  a  very  cha- 
racteristic organism,  and  has  been  well  figured  by  Fresenius, 
who  has  described  it  as  Monas  truncata  in  the  explanation  of 
his  plate,  though  he  has  omitted  all  mention  of  it  in  the  text. 
The  organism  (Plate  vi,  fig.  3)  is  very  flat,  being  but  thin 
in  proportion  to  its  length  and  breadth.  The  contour  of  the 
.  broad  side  is  somewhat  oval,  although  the  end  bearing  the 
flagellum  is  cut  off  to  form  a  sharp  slope ;  the  opposite  pole, 
on  the  other  hand,  being  either  smoothly  rounded  off  or  mo- 
derately pointed.  From  the  higher  portion  of  the  anterior 
end  of  the  body — the  sloping  portion — proceed  two  flagella, 
which  are  of  no  great  length.  In  the  clear  protoplasmic 
body,  near  the  longer  side,  is  a  vesicular  nucleus  with  large 
dark  inner  body,  which  is  generally  somewhat  in  front  of 
the  centre  of  the  body.  The  contractile  vacuole  is  on  the 
opposite  and  shorter  side  of  the  body,  close  to  the  front 
anterior  border.  Immediately  in  front  of  the  vacuole  is  a 
dark  band,  running  nearly  parallel  to  the  oblique  anterior 
border,  from  the  shorter  side  almost  to  the  base  of  the 
flagellum.  This  band  is  composed  of  a  substance  of  high 
refractive  index,  which  on  closer  scrutiny  always  appears  to 
be  irregularly  granular ;  and  it  is  sometimes  quite  apparent 
that  it  is  made  up  of  a  number  of  highly  refracting  granules. 
This  band  is  analogous  with  the  one  found  by  Cienkowski 
in  Spumella  vulgaris,  and  should  perhaps  be  classed  with 
the  so-called  eyespots  in  other  Flagellata. 

The  protoplasmic  body  contains  great  numbers  of  per- 
manent vacuoles,  amongst  which  the  food  vacuoles,  with  their 
enclosed  particles,  are  so  clearly  distinguishable  that  there 


rUaSLLATI  IttPtrsOHU  AHBALLIKD  QKOJlSISUS. 

iapo  doubt  tli»t  ^rumvUa  truncata  lakes  solid  food,  although.  I 
pifaer  the  kiud  uf  iiutTiment  no»  the  mode  of  ingestion  ia 
■  ■Acertaioed,  owing  lo  the  rapid  aod  uninterrupted  move- 
^U  of  the  orgnuism. 

nUina    Cieukowski   ("  Ueber   Palmellaceen   und 
Klagvliaien,"  ■  ArchJv.  fiir  Mikr.  Anat.,'  Bd.  vi,  1871,  | 

Soull  FUgpIIala  with  s  flagellum,  contractile  vacuole,  and 
eoloaml  disc.  Inaide  is  a  cyst — the  entocyst.  No  solid 
food  aiipeftrs  to  be  taken.     The  presence  of  the  nucleus  is 

-  ibt/uT 

ChromuliDB  ocbracea,  Ehrenberg  ('Die  InfusionstbieTe 
f  VoIIkommcne  orgnnismen,'  Leipzig,  1838,  p.  II,  pi.  i, 
1^.7),  JUoiuu  ochrac^a,  Ehrb. — These  siuall  orgauistns  are 
1  the  geuuB  Chromuli/ia,  Cienk.,  in  spite  of  the  fact 
that  the  production  of  a  cyst  within  the  protoplasmic  body — 
wbich  is  the  most  remarkable  peculiarity  of  the  species — 
hM  not  fn  bfeu  observed.  The  identity  with  Monaa 
MiracMt  of  Ehrenberg  is  very  doubtful. 

CbromaUna  orhracra  (Plate  vi,  fig.  4)  is  a  small  organism 
ncuuriug  0006  to  0-008  mm.  in.  length  and  breadth  ;  it  was 
ofacuncd  in  the  lake  in  the  Graiid-ducal  park  at  Carlsruhe, 
who*  it  waa  prt-eent  in  such  numbers  as  to  tinge  the  water 
vi  a  yetlowisb-browu  colour.  Thx  body  is  much  flattened 
(fig.  4  e,  %em  from  the  narrow  side),  being  heart-shaped,  oval, 
■TMOieCiiiiMirTvgDUrin  appearance,  when  looked  at  from  the 
lat  Md«  (fig.  4  a  b).  Within  the  colourless  protoplasm 
W poring  the  body,  two  large  coloured  discs  of  a  brown  or 
ydlowisfa -brown  colour  are  constantly  present ;  these  discs 
Oitirv)}  fill  up  the  interior  of  the  body.  Jn  the  narrower  end 
W  the  body  lies  a  deep  red  eyespot  of  elongated  rod-like 
■pptsfaaoVf  and  close  to  it  are  usually  a  number  of  dark 
gnooW  of  high  refractive  index  (fig.  4  a  and  b).  About  the 
centra  Ot  the  body  is  a  contractile  vacuole,  which  is  very 
MnnJeiKnu  during  thn  diastole,  and  which  contracts  tolerably 
inmvj.  The  very  rapid  Dickering,  as  well  as  convulsive  and 
tatttril^  movemeot,  which  ia  only  broken  at  intervals  by  short 
■iiiiwla  nf  imt.  ill  due  loa  fiagellum  of  two  or  three  times  the 
■Bglh  of  the  body,  which  is  vpry  difficult  to  observe.  It 
pnfctbltr  arise*,  not  from  one  eml  of  the  body,  but  from  one 
rf  the  bftNwI  furfaces  of  tb«  hoily  (fig.  4  c).  No  nucleus  has 
J*l  bwn  noticed,  tfccasionally  some  of  the  organisms  which 
•»«  to  bare  lo*t  their  flsgellurit,  execute  amoeboid  move- 
acMaaodpol  out  loleraMy  long  pseudopodia. 
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The  author  next  describes  R  small  pRrasitic  Flagellate 
found  in  the  alimentary  canal  of  a  free  liring  Nematode 
Trilobus  gracilis.  The  individuals  were  aggregated  together 
by  their  non-flagellate  poles,  into  radiating  colonies.  Single 
individuals,  which  are  easily  isolated,  are  very  long  and 
spindle-shaped,  so  as  to  be  almost  rod-like  (from  about 
0*011  mm.  m  length) ;  they  are  colourless,  and  are  provided 
at  the  blunter  end  of  the  body  with  a  large  thick  flagellum, 
of  almost  twice  the  length  of  the  body.  A  contractile 
vacuole  lies  somewhat  behind  the  base  of  the  tentacle,  and 
at  some  distance  below  this,  in  the  otherwise  feebly  and 
very  finely  granular  protoplasm  of  the  body,  is  seen  a  small 
mass  of  high  refractive  index,  composed  of  dark  granules. 
No  nucleus  is  observable.  The  movement  of  the  organism 
is  tolerably  slow  after  it  has  been  removed  from  the  intestine 
of  Trilobus,  at  least  in  water,  in  which  it  dies  rather 
quickly. 

AntophvBa.,  Bory  de  Vincent. 

Small  colourless  Flagellata  forming  racemose  colonies ;  the 
number  of  individuals  forming  a  colony  varies  from  two  to 
fifty,  according  to  Clark.  The  individuals  of  each  racemose 
colony  are  attached  without  lateral  connection,  by  a  short 
stalk-like  prolongation  of  the  hinder  end  of  the  body  to  a  fine 
terminal  branch  of  the  thick,  branching,  brown-coloured 
main  stem ;  each  individual  has  a  large  flagellum  and  a 
delicate  accessory  flagellum,  a  lip-like  prolongation  for  the 
ingestion  of  food,  and  a  contractile  vacuole.  The  nucleus 
is  doubtful.  Reproduction  by  fission  on  the  stalk  in  the 
colony ;  whole  colonies,  as  well  as  single  individuals,  fre- 
quently separate  themselves  and  swim  about,  such  individuals 
again  becoming  fixed,  probably  form  the  commencement  of  a 
new  colony. 

Antophysa  vegetans,  O.  F.  Muller. 

Volvox  vegetans,  Muller  (*  Animalcula  Infusoria,'  p.  USt, 
pi.  iii,  figs.  22—25). 

Antophysis  MiUleri,  Bory  (*  Encyclop^d.  m^th.,'  1824 ; 
'  Hist.  Nat.  des  Zoophytes/  p.  66). 

EpistyUs  vegetans  ?,  Ehrb.  Q  Die  Infusionsthiere  als  voU- 
kommene  organismen,'  Leipzig,  1888,  p.  285,  pi.  xxvii,  fig.  5). 

Antophysa  MuUeri,  Dujardin  C  Histoire  nat.  des  Infu- 
soires,'  Paris,  1841,  p.  302). 

Antophysa  MUtteri,  Cohn  (^  Entwickelnngsgeschichte  der 
Mikroskopischen  Algen  und  Pike,  Nov.  act.  Ac.  c.  L.C.,  &c.,' 
Bd.  xxiv,  p.  109,  pi.  zv,  figs.  1 — 8). 


■  TLAOSLLAn   IMrCaOSIA  AND  ALLIED  OROANISHS. 

AiUofihjfta   MvUfti,   Clap,   and   Laohm    (Clapar^de    andj 
LachiDAn,  '  fituilps  sur  les  Iiifusoin-s,'  pp.  64 — 66). 
^AittapJti/sa  HiiiUri,  Clark  ('  Ann.  and  Magaz.  Nat.  Hist./ . 
■flKr.,  Tol.i,u.  809). 
Ant(^htf$a  SfiUlrri,  Archer  ("  On  Antophusa  jlfu/Iert, "  thia  i 
-n«l,  »oL  vi,  N.S.,  1866,  p.  1S2).  ' 

tphyta   Mnileri,    Fruaieutel  ('Eludes  sur  les  Micro- 
Paria,  p.  S37,  pi.  xxvi,  fig.  5). 


!  onanisms  (Plate  vi,  fig.  6)  were  discorered  by 
t  V.  Muller.  Knetzing  snppuseci  that  the  brown  stalk  was 
Peculiar  fungus — Strreon^ma — and  distinguished  six  dif- 
Bit  kindi.  Lately  (186lj  Archer  has  shown  that  the  main 
B  of  the  organism  increases  independently,  and  that  the 
Ulonim  at  the  terminal  branches  are  to  be  looked  upon  as 
vwtmi  >pore9,  which  are,  from  time  to  time,  produced  from 
the  branchee,  so  that  the  main  stem  is  to  be  regarded  ns  the 
cfaiirf  OTganinn.  Piijardin,  in  opposition  to  Ehrenberg,  was 
the  fint  to  prore  adequately  the  flagellate  nature  of  these 
ocuanimH,  which  he  placed  near  Ehreiiberg'ti  genus  Uvetla. 
Batachli  now  cotifirma  Clark's  account  in  its  esaentinl 
featniTS.  For  instance,  as  regards  the  presence  of  a  deli- 
cate, small,  and  very  rapidly-vihrating  accessory  flagelUim, 
doM  to  the  ba9e  of  the  chief  flagellum,  and  as  to  the  eaist- 
•nee  of  a  lip  or  beak'like  prominence  of  similar  nature  with, 
and  ID  tbc  same  position  as,  the  one  found  in  Spumella 
tertao,  Clark. 

Reprodnction  takes  place  within  the  colony  by  fission  of 
ihf  indiridnats,  as  described  by  Clark  (1.  c),  although 
B4t«rbK  ataiefl  that  he  has  seen  nothing  of  the  case  or 
coiat  deacribed  by  that  author. 

[Kvvion  (Family?):  Cylicomastiges. 

Tbo  two  genera,  Codosiga  and  Salpingteca,  are  closely  allied 

outwardly.    They  differ  chiefly,  if  not  solely,  in  the  fact  that 

ibe  latter  are  provided  with  peculiar  shells,  like  BJcusoica 

and  Dinobryon,  whilst  the  former  genus,  oii  the  contrary, 

UitwiAA  of  surb  shell.     Ruth  genera  possess  a  remarkable 

y  in  the  existence  of  a  hirgc  coliiir  or  calyx  aur- 

;  the  bow  of  the  single  flagellum;  and  it  appears 

"  c  this  point  one  of  a  classificalory  imporlance.  The 

~a  of  Sponges  are,  as  CInrk  has  shown,  provided 

r  collar,  ami    so,  classify  Sponges   as  one  will, 

idbi  the  remarkable  agreement — still  requiring 

'betweim   the   fiagcllum-bearinK  cells    of    the 

1  cartun  flagellatA  orgatiisms.     This  appeari  the 


I 
I 


70  TMormsMom  o.  bctschli. 

more  noteworthj,  as  this  pecaliar  conditkni  of  the  flagellate 
cells  has  nerer  been  found  in  other  organisms. 


Codosiga,  Clark  ('  Ann.  and  Mag.  Nat.  Hist./  4th  ser., 
Tol.  i,  p.  191). 

Antophysisj  Borj  ('Encycl.  Method.  Hist.  Nat.  des 
Zoophytes/ 1824). 

Epistylts,  Ehrb.  ('Die  Infosionsthiere  ak  ToUkommene 
orgauiismen,'  Leipzig^  1838). 

?  Pycnobryony  Fromentel  ('  £tades  snr  les  MicroKoaires,' 
Paris^  pp.  211S  and  S37). 

UvMa,  Fromentel^  op.  cit.^  p.  338. 

Small,  colourless,  colonj-forming  Flagellata.  The  single 
individuals  hare  a  long  flagellum  anteriorly,  arising  within 
a  Tery  large  collar.  The  organisms  are  naked,  devoid 
of  a  covering.  Food  is  ingested  into  a  food  vacuole  situated 
outside  the  collar  at  its  base.  A  contractile  vacuole  and 
nucleus  are  present.  The  colonies  are  formed  as  they  are 
in  Antophysa,  the  individuals  arising  from  the  end  of  a 
straight  and  unbranched  main  stem,  which  is  frequently  of 
considerable  length.  Reproduction  by  longitudinal  fission 
of  the  individuals  forming  the  colony  has  been  observed. 

Codosiga  botrytis,  Ehrb. 

Antophysis  solitaria,  Bory  ('  Encyc.  m^th.,'  p.  67). 

„  „  (Bory),    Fresenius    ("Beitrage    zur 

Kenntniss  kleinster  organismen,"  '  Abhandl.  der  Senkenberg 
Gesellsh.  zu  Frankfurt-a-M./  Bd.  ii,  p.  23S,  pi.  x,  fig. 
29,  30). 

Epistylis  botrytis^  Ehrb  (p.  284,  pi.  xxvii,  fig.  4). 

Codosiga  pulcherrima,  Clark  (loc.  cit.,  p.  139,  pi.  v, 
figs.  7—27). 

?  Uvella  disjuncta,  Fromentel  (p.  338,  pi.  xxv,  fig.  8). 

?  Pycnohryon  socialis,  Fromentel  (p.  137,  pi.  yxvi,  fig.  9). 

These  very  interesting,  but  yet  common,  forms  (PI.  vi,fig.7) 
were  discovered  in  1858  by  G.  Fresenius,  who  with  reason 
held  that  they  were  the  same  as  the  Epistylis  botrytis 
of  Ehrenberg ;  whether,  on  the  contrary,  Antophysa  soli- 
taria of  Bory  de  Vincent,  after  which  Fresenius  named 
the  species,  is  identical  with  the  Epistylis  botrytis  of  Ehren- 
berg is  doubtful.  The  number  of  organisms  going  to  make 
up  a  colony  was  long  a  matter  of  dispute ;  usually  only  four 
or  five  are  seen,  whilst  Clark  has  observed  eight,  and  Ehren- 
berg ten.  Solitary  individuals  are  frequently  mounted  upon 
short  slender  stalks.      The  pedicels  of  older  colonies,  richer 
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m  iodividaals,  are  thicker  and  longer  (fig.  7  a} ;  at  their  I 
UtBched  b«*e  a  flattened  portion  serviog  for  attachment  is  1 
•e*o  under  favorable  circiiinstances,  whilst  the  stem  itself  | 
appears  tubular,  dark  sides,  and  a  clear  homogeneous  axis 
tantanco  being  distinguishable.     Occasionally  the  usually 
loarlrss  stem  is  tinged  of  a  somewhat  yellowish  brown. 
"he  iadividuaU  forming  the  colony  spring  from  the  upper 
I  of  the  Elein,  each  being  carried  upon  a  delicate  proto- 
mic  stalk,  vrhich  passes  directly  into  the  hinder  end  of 
9  organism.     These  stem-like  prulongalions  of  the  hinder 
are    Dot   contractile,  at  least  not   in    anv  noticeable 
The  flagellum  springs  from  the  centre  of  the  obtuse 
r  pole  of  the  body.     When  it  is  at  rest  it  frequently 
,  somewhat  curled  in  a  very  characteristic  way.     Thn 
ate  membrane- like  collar  surrounds  the  blunted  anterior 
E  (fig.  7  a — c) ;  it  is  usually  seen  in  optical  section  as 
a  diark  direrging  lines,  which  at  first  give  the  impression 
of  two   accessrity   Hagella,  and  for    these   they  have    been 
oceanonallf  mistaken. 

Freaeaiua  described  the  collar  as  a  delicate,  blunted  ap- 
pendage, from  which  a  cilium  causing  motion  (Bew«gungs- 
ndro)  pn>ie4:ted. 

The  aise  and  appearance  of  the  collar  are  exceedingly 
rariable:  sometimes  it  projects  only  very  sligtiily  beyond 
the  anterior  end.  Separate  specimens  havi;  been  seen 
•wimming  freely,  which  did  not  possess  any  Uace  of  a  collar. 
Generally  ii  is  of  considerable  height,  as  in  fig.  7  a,  b,  oc- 
ciiaionally  (fig.  T  c)  it  is  a  very  noticeable  object.  Clark  has 
obwrreij  that  this  change  in  the  height  of  the  collar  is  very 
npidW  executed  in  one  and  the  same  individual,  that  the 
funnel  can  lie  drawn  in,  that  is,  can  be  made  to  blend  with 
the  protoplasm  of  the  body,  and  can  be  again  protruded. 
This  fact,  in  connection  with  its  conduct  during  fission, 
lots  to  the  conclusion  that  the  co1l.tr  is  only  the  protoplasm 
the  anterior  end  of  the  body  modified  in  a  peculiar  way, 
1  that  il  may  be  regarded  in  a  certain  sense  as  a  further 
lificatiou  of  the  lip-like  prolongation  of  such  an  organism 
ptieowtca. 

I  collar  cannot  alter  its  shape  without  at  the  same 
k  changing  its  height.     Whilst  the  organism  is  in  move- 
t  it  is  able  to  contract,  and  the  shape  becomes  more 
"  4,  whibt  the  free  edge  of  the  collar  is  so  much  con- 
that   it  almost  closes  (fig.  7   d),  although  its  usual 
on  j«  that  of  a  more  or  less  funnel-shaped  opening. 
...^  to  Clark,  the  cytostome  or  spot  where  the   : 
I  (tf  food  takes  place,  is  at  the  anterior  end  of  the 
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boiij,  near  th^  bMe  of  the  flagellum  trithia  the  eeDar.  The 
prooe«f  of  ingestion  of  food  has  not  yet  been  fally  followed 
out.  liy  careful  observation^  however,  a  Tacaole-like  stme- 
tiire  (fig.  7  a,  cc)  is  seen  to  project  upon  one  eade  of  the  body 
elose  below  the  base  of  the  collar,  and  beyond  the  eontoar  of 
the  bo<ly.  Soon  this  structure  disappears,  and  after  a  cer- 
tain time  another  similar  one  appears  upon  the  opponte  ride. 
It  has  also  in  some  measure  the  appearance  of  waoderiag 
about  close  under  the  base  of  the  collar ;  bat  it  is  not  yet 
known  whether  this  really  happens,  or  whether  diffneat 
vacuoles  rise  and  then  vanish  in  opposite  partB  of  the 
liody.  The  whole  matter,  however,  becomes  simple,  if 
it  be  assumcHl  that  the  vacuole  changes  its  poeition. 
The  ingestion  of  food  takes  place  into  the  middle  of 
these  vacuoles  in  the  following  way  :->— Particles  of  various 
kinds  —  Micrococci,  Bacteria,  &c. — are  often  driven  by 
the  movements  of  the  ilagellum  on  to  the  outer  sarface  <x 
the  collari  to  which  they  adhere;  occasionally  the  entare 
outer  face  of  the  collar  is  seen  to  be  covered  by  such  ad- 
herent particles.  Orndually  all  the  particles  are  seen  to  be 
pushed  backwards,  first  on  to  the  collar^  and  a  little  later  to 
the  base  of  the  collar,  until  they  touch  the  vacuole,  by  which 
ihey  are  tak«)n  up  and  cngulphed  as  food  for  the  body.  The 
remnants  of  the  food  are  extruded  close  to  the  base  of  the 
ilMKt*lluni  witiun  thr  collar. 

Tho  nucUuirt  Hitiiatocl  near  the  anterior  end  is  first  seen 
witinn  iiko  body,  it  consists  in  the  living  state  of  a  transparent 
portion  containing  dark  bodies.  The  nucleus  becomes  much 
more  prominent  uftrr  treatment  with  acetic  acid,  but  there 
etill  renuins  the  dark  and  somewhat  granular  case  and 
the  transparent  exterior.  The  protoplasmic  body  is  very 
frequently  filled  with  a  number  of  large  non-contractile 
vacuoles  in  addition  to  t)^  food  vacuoles.  These  lai^ 
vacuoles  can  only  be  distinguished  from  one  another  by  their 
boundary  walls,  which  are  comparatively  very  delicate ; 
hence  the  whole  organism  appears  to  be  a  large  alveolar 
vacuole.  The  contractile  vacuoles  are  always  double,  and 
lie  at  the  posterior  end  of  the  body  on  opposite  sides,  not 
quite  in  the  same  section,  since  one  is  generally  a  little  in 
advance  of  the  other,  nearly  in  the  centre  of  the  body's  length. 
No  third  contractile  vacuole  was  observed  by  Biitschli, 
although  one  has  been  described  by  Clark.  The  two 
vacuoles  contract  alternately ;  their  contraction  is  very  slow. 
The  formation  of  the  vacuole  is  peculiar,  and  has  analogies 
with  the  same  process  in  such  ciliata  as  Uroleptus.  The 
mode   is  as    follows :  -^  A    narrow-elongated    space    filled 
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witli  fluiil  makea  its  appearanfte  beneftth  the  upper  surface 
of  th«  body  at  the  spot  where  the  last  vacuole  dinappeared 
(Sg.  7  c,  t) ;  this  space,  so  far  as  can  be  determioed,  is 
fenord  by  the  fluwiiig  lotcether  of  several  smaller  vacuoivs, 
Sbofllj   before    the  sjatole  the  space  rounds  itself  into  a 

Tb«  author  has,  uofortunately,  failed  to  find  the  condition 
of  dimion,  and  eo  has  not  been  in  a  position  to  confirm 
CUik's  nileresting  observations  on  this  point,  which  are 
sboTtly  as  follows: — The  division  occurs  loDgitudinally,  and 
so  is  ID  conformity'  with  the  general  rule  amongst  the  Flagel- 
Lbls.  Tbir  or^ntsms  next  become  globular,  and  the  flagel- 
lun  becomes  shorter  and  shorter,  till  it  is  finally  entirely 
wtthilrmWQ  into  the  protoplasm.  Then  begins  the  peculiar 
dmsioti  of  the  body  of  the  organism  in  the  neighbourhood 
of  the  Sagellum,  from  which  point  it  gradually  proceeds 
bsdcwardsi  finally,  the  collar  is  drawn  into  the  division, 
Mul  is  gndaally  cut  ihrongh  from  the  base  to  the  apex.  In 
the  ncanwhile,  a  fiagnllum,  which  is  at  first  small,  but 
which  grmdually  increases  as  the  process  of  division  proceeds, 
ta  budded  out  froDi  the  anterior  end  of  each  of  the  products 
of  U)s  fission.  The  posterior  thread-like  elongation  of  the 
\tadj,  which  attaches  the  organism  to  the  common  stalk  of 
the  colixi;,  alto  undergoes  division,  until  finally  the  two 
Itrodnets  of  the  fission  become  completely  separated. 

Th«  author  has  observed  forms  which  were  surrounded  by 
m delicate  viscid  cs«e  (fig.  ~  b),  and  also  others  whose  bodies 
^      covered  with  Bacteria  (fig.  7  e). 

le  average  sise, not  reckoning  the  collar,  was  0012  mm. 
orKanisms  have  been  found  very  frequently  upou  Algee 
to  foTth,  apoD  the  stems  of  Antophijsa  vegetans,  and  onoe 
upon  cnlonies  of  I'ahoi:  dioicus,  Cohn.  They  withstand  a 
eMwiderahle  degree  of  foulness  in  the  water  where  they 


SalpinKffica,  Clark  ('Ann.  and  Mag.  Nat.  Hist.,' 4th  aer., 

nJ.  i.  pTlll9). 

This  genus  differs  from  the  foregoing  in  the  fact  that  the 

naU  uvr  in  tran!ipuri.-nt  cups  or  fiask-like  shells  ;  they  are 

biry,  and  ni>t  colon v-forming  as  far  as  they  have  yet  been 

rred;  their  method  of  reproduction  is  unknown. 

lalninvteca  gracilis.  Clark?  (op.  cit.,  p.  199,  pi.  vi, 
58  ud  811  J. 

lis   orttftniian    (Plate   vi,   fig.   6)   resembles   CodoHign, 
inbaMU    ao    elongated    cast-,    which    has    sometimes 
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the  shape  of  a  test-tube,  becoming   much   narrower  pos- 
teriorly.    The  author  is  unable  to  confirm  Clark's  statement 
that  the  hinder  portion  terminates  in  a  delicate  prolonga- 
tion.    The  length  of  the  broad  tube  is  0*027  mm.,  and  it 
consists  of  a  perfectly  transparent  firm  mass,  of  a  chitinous 
nature  to  all  appearance,  although  no  micro-chemical  tests 
were  applied  to  determine  its  constitution.     In  no  case  was 
the  material  of  a  viscid  consistency,  as  stated  by  Clark.    The 
organism  itself  occupies  only  a  comparatively  small  (^)  part 
of  the   tube,   within  which   it  is    very  moveable.     It  can 
stretch  itself  so  far  out  that  nearly  the  whole  of  the  collar 
is  extruded,  or  it  can  very  rapidly  retract  itself  to  the  hinder 
end  of  the  tube.     It  is  not  known  what  causes  these  rapid 
movements  of  retraction,  but  in  one  case  a  delicate  thread 
seemed  to  run  from  the  posterior  end  of  the  body  to  the  side 
wall  of  the  tube.     The  co-operation  of  the  flagellum  in  this 
action  seems  very  doubtful.     The  relations  of  the  flagellum 
and  collar  are  seen  in  fig.  8.     The  flagellum  is  so  delicate  as 
to  be  scarcely  visible.     The  ingestion  of  food  has  not  been 
observed.     The   nucleus  is  placed   anteriorly,  and  is  made 
much  more  visible  by  the  use  of  acetic  acid.     A  contractile 
vacuole  of  considerable  size  is  found  in  the  hinder  third  of 
the  body.    The  rate  of  contraction  is  slow,  and  the  re-forma- 
tion is  brought  about  by  the  flowing   together  of  several 
small  vacuoles,  which  appear  either  shortly  before  or  during 
the  systole  of  the  previous  vacuole.     Once  it  was  found  that 
after  the  vacuole  had  contracted  and  re-formed  for  some  time 
in  one  place,  it  began   instead  on  the  opposite  side  of  the 
body ;  this  phenomenon  probably  gave  rise  to  Clark's  state- 
ment that  there  were  two  contractile  vacuoles  as  in  Codosiga 
botrytis, 

Salpingoeca  amphoridium,  Clark  (?),  (op.  cit.,  p.  203, 
pi.  vi,  figs.  37,  37  d). 

This  species  has  been  found  only  on  a  single  occasion 
by  the  author ;  it  agrees  fairly  with  Clark's  description. 
The  appearance  of  the  case  is  characteristically  flask-like 
(Plate  vi,  fig.  9) ;  in  the  form  described  by  Clark  the  fixed 
end  was  rounded  or  somewhat  pointed,  whilst  in  this  it  is 
broadly  flattened;  in  both  cases  the  organism  almost  en- 
tirely fills  the  case,  which  thus  appears  to  be  a  cast  of  the 
animal.  The  collar  and  flagellum  are  seen  with  difficulty. 
Numerous  vacuoles  are  found  within  the  body,  but  only  one 
of  these  is  contractile,  whereas  in  Clark's  Salpingoeca  amph  o 
ridium  there  were  two  large  contractile  vacuoles  and  three 
smaller  ones.     Food  vacuoles  are  seen  passing  backwards 
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Arongh  the  long  neck.     No  nucleus  wbb  found,  neither  was 
tbc  process  of  food  ingestion  obaeived. 

Sslpingoeca  Clarkii,  new  gp. 

T\u»  nTganism  wa«  frequently  found  on  the  stem  of 
^^AMtopAyMi  c^eia/u ;  it  muet  be  regarded  as  a  peculiar 
^^Kbi«,  closel]"  allied  to  Clark's  Salpingaca  marina, ^  from 
^^^feek  it  differs  in  the  form  of  its  case,  as  is  ehown 
^Hng.  10.  Th«  Ehapp  is  comparable  with  that  of  a  fluwer 
vaM.  and  it  extends  behind  into  a  delicate  stem-like  por- 
tioD,  which,  as  in  Salpingreca  gracilis,  is  a  hollow  and 
aVTDWrr  portion  of  the  case,  anil  not  a  solid  support,  as 
it  i*  in  Saipi'jwca  marina.  The  free  anterior  border  of  the 
case  ia  spread  out  so  as  to  be  broadly  funnel-shaped,  and  from 
it  projfct  the  collar  and  Uagcllum.  The  organisms  are  also 
able  to  open  or  close  the  border  of  the  calys,  and  this  ia 
andaubtedly  in  connection  with  the  mobility  of  the  creatures 
in  tbeir  cases.  They  are  ordinarily  found,  like  Salpi?iff<sca 
marima,  m  tbe  front  portion  of  their  cases  (Iig.  10),  but  on 
being  disturbed  they  go  down  to  the  bottom,  so  that  the 
collju,  which  has  become  closed,  only  just  projects  above  the 
rim  of  the  calyx.  In  this  condition  it  is  very  difficult  to  dis- 
tingoith  the  collar.  The  flagellum  is  readily  visible,  and  is 
gc-ncially  quite  motionless  andsHghily  extended.  The  inges- 
tioo  of  fiK)i]  has  not  been  followed,  although  there  are 
BStully  a  number  of  particles,  which  are  undoubtedly  food 
particlt^s,  lying  in  the  body.  The  nucleus  is  easily  seen,  and 
lies,  as  in  other  forms,  anteriorly ;  its  structure  is  the  same 
MM  in  Codosiga  and  Salpingceca  gracilis.  The  contractile  va> 
enol««  are  present,  situated  on  opposite  sides  of  the  body,  as 
in  Cudoaiga,  or  close  to  each  other,  as  in  Gg.  10.  The  height 
of  tb€  calyx  ta  0019  mm. 

Aa  an  appendix  to  the  genus  Salpingceca  a  small  orga- 
nism ia  here  mentioned,  which  was  pretty  frequently  found  upon 
tbe  st«m  of  Antophyia  cegetans,  and  of  whose  exact  position 
the  author  is  not  <iuite  certain,  on  account  of  the  great  diffi- 
culty in  studying  a  new  organism  of  such  minuteness.  These 
■mall  Flagellate  organisms  inhabit  a  case  fixed  upon  the 
ttems  of  AntophysA,  as  seen  in  fig.  11,  a  c,  which  ehons 
[jing  forma.  The  walls,  which  are  of  considerable  thick- 
%  are  of  a  detp  brown  colour,  and  have  an  irregulitr  and 
h  contour.  The  height  of  iho  case  is  about  O'OOS  mm. 
E'protoplaafnic  body  generally  fills  the  case,  and  may  either 
1  beyond  it  to  a  greater  or  less  extent,  or  not  at  nil, 
^  antsrior  extremity,  which  extends  beyond  tlie  case. 
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IB  seen  the  fiagellam,  which  is  sometimes  vibrating  (fig.  11,  a). 
On  either  side  of  the  flagellam  is  seen,  though  with  great 
difficulty,  a  faint  line,  which  resembles  the  optical  section 
of  the  collar  in  Salpingseca*  Frequently  neither  the  flagel- 
lum  nor  collar  is  visible  (fig.  11,  c),  or  the  latter  appears  to 
be  shrivelled,  in  which  case  the  organism  is  remarkably  like 
a  rhizopod.  A  nucleus  lies  within  the  more  or  less  g^ranular 
protoplasm,  and  near  it  are  (fig.  11,  a),  one,  and  in  some  cases 
three  contractile  vacuoles  (v),  lying  at  the  hinder  end  of  the 
body  (fig.  11,  c). 

Bicosceca,  Clark  ('  Ann.  and  Mag.  Nat.  Hist./  4th  ser.^ 
vol.  i,  p.  139). 

Stylobryon,  Fromentel  ('  £tudes  snr  les  Microzoaires).^ 
Small  organisms  with  a  single  long  flagellum  at  the 
.  anterior  end^  together  with  a  large  lip-  or  beak -like  pro- 
minence for  the  ingestion  of  food.  A  contractile  vacuole  is 
present,  and  a  nucleus  doubtfully  so.  Each  individual,  like 
Dinobryon,  inhabits  a  calyx-like  case,  into  which  it  can 
retract  itself  with  the  assistance  of  a  very  elastic  thread  which 
springs  from  the  posterior  end  of  the  body.  Occasionally, 
as  in  iMnobryon,  colony-building  fortns  are  observed.  These 
organisms  are  found  both  in  salt  and  fresh  water. 

Bicosceca  lacustris,  Clark  (?),   (op.  cit.,  p.  188,  pi.  v, 
figs.  S3,  33  c). 

This  species  is  very  frequent  in  ponds,  where  it  attaches 
itself  to  Algse  and  other  water  plants,  and  often  to  the  main 
stem  of  Antophysa.  Solitary  individuals  are  generally 
observed,  whose  calyx  is  attached  to  a  delicate  stem.  In 
the  forms  observed  by  Clark  this  stem  reached  at  the  most 
only  half  the  height  of  the  calyx,  but  in  those  seen 
by  Biitscbli  the  stem  far  exceeded  the  calyx  in  length 
(fig.  12,  a).  Occasionally  colony-building  forms  have  been 
noticed  (fig.  12,  a  b.)  Ths  young  calyces  are  produced  from 
the  mouths  of  the  older  forms,  just  as  they  are  in  Dinobryon. 
A  dark  supporting  line  has  several  times  been  seen  to  extend 
from  the  posterior  end  of  such  a  young  specimen  to  the  older 
one  (fig.  12,  b),  and  consequently  it  must  be  asserted  that 
the  young  calices  are  provided  with  stalks,  which  extend 
from  the  inner  wall  of  the  older  ones. 

The  shapes  of  the  calyx  are  seen  in  the  figures.  The 
openings  are  either  rapidly  enlarged  as  in  fig.  12,  b,  or  as 
rapidly  narrowed  (fig.  12,  c  and  d),and  it  can  sometimes  be 
clearly  seen  that  the  opening  is  nearly  closed,  when  the 
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ftDoml  withdnwi  Hself  inio  its  calyx,  nitboiigh  this  is  by 
an  nif^na  always  tbf  case  (fig.  12,  h).  Clark  was  probably 
rijfbt  whrti  be  uttribuced  this  power  of  closmv  the  <hell  to 
yomig  forms.  Somrtimei  the  calyx  ia  not  circular,  but  is 
trun^ui«r.  Of  ibis,  however,  the  author  U  not  quite 
cerujn. 

The  bright  of  the  calyx  is,  on  an  average,  0014  mm.  The 
orsisniMn  is  attached  to  the  base  of  it  by  nieaiie  of  a  thread 
Bprioffing  from  the  birwler  end  of  the  body  ;  it  is  this  threail 
which  Clark  rightly  compares  with  the  hinder  flagellum  of 
mmuj  luUrolricli  FlagelUta,  as,  for  instance,  many  forma  of 
CereooMnuu.  The  contractile  vacuole  is  a  little  distance 
fom  tkw  point  of  origin  of  this  thread  of  attachment.  The 
fflagBlltiiR,  of  considerable  length,  springs  from  the  anterior 
end  uid  ciuids  out  straight  from  the  body  when  it  is  in  its 
Diusl  state  of  rest  (fig.  IS,  c).  The  extreme  end  alone 
vibrates  or  bends  at  this  time,  throwing  the  minute  particles 
o(  food  with  considerable  force  against  the  beak-like  pro- 
mtneuce.  Wben,  however,  the  organism  is  retracted  into  its 
cue  the  flagellum  is  rolled  up  (fig.  IS,  b)  so  that  it  is  pro- 
tected by  the  case. 

The  lip-  or  beak-like  prominence  for  the  reception  of  food 
is  rery  noticeable,  and  appears  to  resemble  most  nearly  (he 
ooe  found  in  .lutoph}sa.  It  is  ee<?n,  by  observing  it  in  dif- 
ftfTvnt  positions,  to  be  strictly  a  leaf-like  broadened  prolonga- 
tioD  (fig.  \9,  c  and  A).  A  vacuole  formed  before  the  ingestion 
of  food  has  never  been  observed,  but  one  is  produced  as  soon 
as  «  small  particle  of  food  has  been  thrown  between  this 
pnnninencie  and  the  base  of  the  Sagellum.  The  vacuole  so 
forroed  takes  in  the  food  and  distributes  it  in  the  body. 
Clark  placed  the  mouth  at  this  spot,  although,  there  is  no 
doubt,  tbat  nu  such  orifice  exists  preformed  for  the  reception 
of  food,  but  only  that  a  particular  spot  on  the  surface  of  the 
body  is  set  aside  for  this  purpose.  Clark  has  observed  that 
tbe  food  renaioa  are  extruded  a  little  above  the  spot  at 
which  the  foo<l  is  ingested,  but  the  author  has  not  yet 
fnUirwrd  out  the  act  of  defcecation. 

Nothing  is  noticeable  in  the  body  proper  of  the  organism. 
Clark,  bowcrer, has  observed  in  the  two  species  of  this  genue 
which  ho  ciamined,  a  furrow  extending  along  the  whole 
length  of  the  bodv,  beginning  at  the  base  of  the  flagellum, 
antfirsceable  to  the  point  of  origin  of  the  posterior  thread  of 
Btiachmcul.  He  Mieves  that  this  groove  is  distinguishable 
by  a  peculiar  conlractility.  ITic  body  itself  is  possessed  of 
~  "lertain  contractility,  as  it  has  hppn  seen  to  become  sphericiil 
tout  UtB  sill  uf  the  post*:rior  liirtad.     The  nuckus  hajt 
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not  been  observed  by  the  author,  although  he  does  not  doubt 
but  that  it  is  present. 

The  process  of  reproduction  has  not  been  followed,  but  it 
almost  certainly  increases  by  fission,  like  its  fellows.  In  the 
formation  of  a  colony  one  of  the  young  buds,  as  in  the  case 
of  Dinobryon,  settles  upon  the  rim  of  the  old  calyx,  and 
builds  there  a  new  case  for  itself;  and  in  this  way  from  a 
single  one  arise  the  compound  trees  of  a  great  number  of  indi- 
viduals. Clark  has  found  a  second  variety  of  this  specieSi 
Bicosaeca  gracilis  ;  it  is  a  marine  form. 

The  Stylobryon  insignia  of  FromenteU  forms  definitely  a 
third  kind,  which  differs  chiefly  from  Bicosceca  humstris  in 
the  fact  that  each  calyx  of  the  colony  possesses  its  own  very 
long  stem  ;  this  form  stands  somewhat  in  the  same  relation 
to  BicoscBca  lacustris  as  Dinobryon  petiolatum  Duj.  to  the 
ordinary  Dinobryon  sertularia. 

Dinobryoili  Ehrbg  (^Die  Infusionsthiere  als  voUkonl- 
mene  organismen/  Leipzig,  1838,  p.  124}. 

Dinobryon  setularia,  Ehrenberg  (op.  cit.,  p.  124,  pi. 
vii,  fig.  8). 

Dinobryon,  Dujardin  (^  HistoireNat.  des  infusoires,'  Paris, 
1841,  p.  321,  pi.  i,  fig.  2). 

Dinobryon^  Perty  ('  Zur  Kenntniss  kleinster  Lebens- 
formen  nach  Bau,  Function,  Systematik/  &c.,  p.  178). 

Dinobryon,  Claparede  and  Lachmann  (*  Etudes  sur  les 
Infusoires,'  p.  ^b^  pi.  xii,  fig.  %Q). 

Dinobryon,  Froraentel  E.  de  (*  Etudes  sur  les  Microzoaires,* 
Paris,  p.  336,  pi.  xxvi,  fig.  1). 

Of  this  beautiful  form  Biitschli  states  that  he  has  found 
only  free  swimming  colonies  (Plate  vi,  fig.  13).  The 
vase-like  case  of  the  individual  organisms  calls  to  mind 
the  very  similar  cases  in  Bicosoeca  and  Salpingoeca,  whilst 
the  grouping  of  the  individuals  to  form  a  colony  is  just  like 
the  arrangement  in  Bicosaca  lacustris.  The  young  calyces 
also  grow  from  the  inner  side  of  the  free  edges  of  the  old 
forms,  generally  single  but  occasionally  double.  The  or- 
ganisms are  of  a  yellowish-brown  or  green  colour,  the  colours 
proceeding,  as  in  many  coloured  Flagellata,  from  two  pigment 
discs,  which  are  placed  side  by  side  on  the  colourless  proto- 
plasm of  the  body  (fig.  13  a  and  13b).  Of  these  discs  one  is 
generally  the  longer,  and  extends  further  forward  than  the 
other.  Ehrenberg  noticed  that  the  small  inhabitants  of  the  cases 
were  very  contractile ;  from  the  anterior  end  springs  a  rather 

■  Op.  cit.,  p.  336,  pi.  iz,  6gs.  12 — 14 ;  pi.  xxvi,  fig.  8. 
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K-  flagellant  of  even  ihickness  throughout;  it  generally 
es  alonit  iw  wliuUf  lenglh  wiih  a  serpentine,  less  fre- 
iily  with  It  rolltuf;,  motion.  The  author  has  noticed  a 
kmall  acceuury  llagellum  close  to  the  ilagellum  known  to 
Hkrmbctg.  The  accessory  flagellum  is  generally  at  rest  Id 
an  exteti<led  eontliiion.  Biitschli  also  believes  that  he 
haA  »«en  a  delicate  thread  arising  from  the  posterior  end  of 
the  body,  and  artnchiiig  it  to  the  base  of  the  case.  The  eye- 
tpot  lies  close  to  the  base  of  the  llagellum,  whilst  the  two 
eantraclile  vacuoles  are  close  to  each  other  at  the  hinder 
pordoa  of  the  atiierior  third  of  the  body  ;  the  contraction  of 
tbe««  vacuoles  is  quick  and  sudden.  Focke'  was  the  first  to 
reco^Ue  a  single  contractile  vacuole  in  these  organisms, 
ktid  after  him  Clapaiede  described  and  figured  them.  Mo 
noelvu*  *aE  observed  by  Billschli,  as  the  little  free-swimming 
Otdoaies  are  difficult  to  treat  with  reagents.  Occasionally  a 
poop  of  small  granules  of  high  refractive  index  were  ob- 
tmtd  in  the  binder  third  of  the  body  ;  it  cannot  be  decided 
whether  the  minute  organisms  take  solid  food.  Fromenlel 
baa  lately  described  a  dark  cytostome  at  the  base  of  the 
ftagvUuia  ;  be  appears  to  have  mifitaken  the  eyespot  in  this 
way. 

Aa  regards  the  formation  of  a  colony,  the  following  points 
are  ooiiced  by  Hiiischli ; — The  colony  is  doubtless  formed  by 
fissioo  of  the  orgftuisms  in  their  cases,  but  the  actual  fission 
ha»  uot  yet  been  followed  out.  Calices  have,  however,  been 
WTO,  which,  iti  addition  to  an  individual  situated  at  the 
boltoin,  have  a  second  cuseless  form  placed  at  the  mouth  of  the 
calyx  (6g.  IS  h).  It  appears  to  be  proved  that  these  two 
iDoividuals  bav<!  proceeded  from  the  fission  of  the  previous 
inhabitant  of  the  calyx,  since  each  contains  only  a  single 
piginvnted  disc,  whilst  the  anterior  one  alone  possesses  an 
eyespot.  Carter  has  observed  a  somewhat  similar  phenomena 
irt  (be  fission  of  his  Emjlena  affilis  in  its  encysted  state,  for  the 
hinder  pr<»duct  of  division  is  in  the  same  way  devoid  of  an 
«}c»pot.  The  anterior  organism,  in  a  more  advanced  stage, 
ia  attacheil  to  the  mouth  of  the  calyx  by  its  posterior  pointed 
extteoiiiy,  and  then  a  small  calyx  forms  round  its  hinder 
half. 

A  larije  cy»t  (fig.  IS,  a,  c)  has  been  seen  at  the  mouth 
of  an  empty  calyx ;  it  consisted  most  exteriorly  of  a  coarse 
•bcaib  cuntaining  a  smaller  excentric  sheath  ;  this  in  turn 
was  filled  with  a  proio|ilasmic  contents  and  the  two  charac- 
tcrtatic    pigment   discs.     No  eyespot  was  visible,  but  the 

'  '  rhyuoloB:iM!bo  Btudien,'  Hit.  S. 
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ttothor  belierei  that  diete  ejsCs  bemr  WHiie  lelatioB  t»  Difio- 
iryon  gertularia.  The  fonnatioD  of  the  two  sheaths  calls  to 
mind  the  condition  in  Nudemria  timplez,  which  waff  fiisl 
obserred  by  CienkowskL 

Trepomcmag,  Dujardin  (f  Histoiie  nat  des  Infbsoires/ 
Paris,  1841,  p.  «94). 
Trepomonas  agilis,  Dujardin  (op.  cit.^  p.  094,  pi.  iii^ 

Trepomonas  agilis^  Perty  (*  Zur  kenntniss  Ueinster  Lebens- 
formen  nach  Ban,  Function,  Systematik/  Ac.,  p.  171,  pi.  xiy, 
fig.  16). 

Trepomonas  agiUs,  Fromentel   ('Etudes  sur  les  Micro-  . 
zoaires,'  Paris,  p.  SS4,  pi.  xxrii,  fig.  16). 

Orffmaa  vaecillans,  Fresenius  ^*  Beitrage  sur  Kenntniss 
kletnster  organismen/'  '  AbhI.  der  Senkenber^i^.  Geschellsch. 
zu  Frankfurt-a-M.,'  Bd.  ii,  pi.  x,  figs.  48,  49). 

This  is  one  of  the  most  interesting  of  the  Flagellate  forms ; 
it  is  tolerably  common  in  rather  dirty  water,  and  is  some- 
times found  in  immense  numbers  in  infusions.  The  organ- 
isms are  difficult  to  observe  properly,  on  account  of  their 
almost  constant  and  peculiar  screw-like  movement.  The  or- 
ganism is  oval  and  somewhat  flattened  (PI.  VI,  fig.  14,  a,  b,  c), 
the  hinder  end  is  generally  broader  in  a  noticeable  degree  than 
the  anterior.  The  long  sides  are  drawn  out  and  broadened 
into  delicate  wings,  which  are  bent  outwards  laterally,  in 
contrary  directions,  towards  the  broad  sides,  in  such  a  way 
that  the  transverse  section  of  the  body  presents  the  form  of 
an  S.  These  reflexed  expansions  are  small  and  feeble  at 
the  anterior  end  of  the  body,  increasing  gradually  as  they 
pass  backwards,  till  they  present  a  considerable  surface.  The 
flagoUa  are  always,  when  the  organism  is  observed  laterally, 
directed  obliquely  away  from  the  body  (fig.  14,  b).  In  a 
surface  view  from  above  (fig.  14,  a)  they  are  seen  to  be  bent 
ill  such  a  way  as  to  correspond  with  the  screw-like  expan- 
sions, and  are  uniformly  thick  filaments.  As  a  result  of  this 
arrangement  of  the  flagella  the  little  organisms  move  through 
the  water  with  rapid  undulations,  the  screw-like  end  back- 
wnrdM,  and  the  flagella  in  front.  The  internal  arrangement 
of  thoHo  little  living  screws  is  just  as  interesting  as  the 
DXtrrnal  formation.  Trepomonas  is  undoubtedly  an  animal 
KUk**'!*^^*"*  ^vhich  ingests  solid  nutriments,  although  the 
nvtiriMtt  Mpot  at  winch  it  is  taken  in  has  not  been  observed. 
Th«»  nuinorous  food  particles,  such  as  Bacteria,  enclosed  in 
(lio  vorv  c'loar  and  transparent  protoplasm,  leaves  no  doubt 
MM  to  lt«  mode  of  nutrition.     The  author  has  been  unable  to 
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discDTrr  the  mouth  lying  terminally,  according  to  Diesiiig's' 
•Utement.  Very  intercBting  are  the  active  movements  of  the 
pTOtoplaacn  to  be  observed  in  the  organism  at  rest.  These  cir 
cbIw  streamiugs,  which  are  recognised  by  the  rapid  displace- 
iwtots  of  the  very  namerouB  vacuoles  and  the  contained  [>ar- 
tidci,  occui  regularly,  but  with  a  motion  which  is  sometimes 
■lower,  and  sometimes  more  rapid,  whilst  often  the  direction  of 
the  Mrramia  entirely  changed.  The  relation  of  the  coulractile 
vaeaolc  Is  also  intercEling  (Gg.  14,  c).  Here  and  there  in  the 
protoplasm  vacuoles  are  seen  to  circulate,  such  vacuoles,  re- 
narkable  for  their  size,  being  pushed  towards  the  screw-hke 
posterior  end  ;  after  some  time  they  contract.  This  condition 
of  the  vacuole  calls  to  mind  a  similar  one  in  various  Amoebie, 
t.g.  Anuria  guttula,  Duj.,  Umax,  Auerb,,  and  others,  in 
which  the  vacuole,  after  being  foimed  in  the  protoplasm  of 
tb«  body,  has  been  seen  to  contract  at  the  posterior  extremity 
of  the  moving  animal.  The  nucleus  is  best  seen  either  in  a 
dying  organism  or  in  one  lately  dead,  hs  a  rounded,  pale 
body,  of  considerable  size,  in  nhich,  sometimes  but  not 
ahvayf,  a  amall  clear  area  is  visible.  Its  position  is  consiaut 
■t  the  anterior  extremity  of  the  body  (flg.  14,  c.)  and  fre- 
qsenUy.  instead  of  one  such  nucleus,  two  are  found  lying  close 
iBgrtber.  Beproduction  is  by  transverse  fission,  according 
to  Perty,  but  the  author  is  doubtful  on  this  point. 

HexainitUt  Oajardin  {'  Histoirc  nat.  des  Infusoires,' 
Paris.  1^1,  p. 2%,  pi.  iii,  fig.  16). 

Hexamitus  inflatus,  Dujardin  (op.  cit.,  p.  S9ti}. 

Dnjardta  has  deccribed  three  forms  of  this  characteristic 
genus,  which  he  has  called  Hexamita,  from  the  sex- 
tapk  arrangement  of  the  fiagella.  Of  these  forms  two,  Hex- 
mmita  nodviota  and  injlata,  are  found  in  foul  marsh  water, 
whiUt  the  third,  Hexamtta  intettinalis,  is  parasitic  in  the  iu- 
tcMtne  kod  body  cavity  of  the  frug  and  newt.  Butachli  is 
indiaed  to  believe  that  these  are  only  two  varieties,  differing 
Macwbal,  of  a  single  species,  which  are  most  nearly  related 
to  the  form  utfiata,  and  he  has  consequently  chosen  this 
omdC  for  both  the  forms.  The  Plagellata  in  question  were  only 
Mce  ftrand,  sod  that  in  foul  marsh  water  ;  they  are  not 
very  common.  Th^r  appearance  is  somewhat  variable  ;  they 
oecsmd  at  first  in  the  extended  form  (fig.  15,  a],  but  at  a 
tatrr  pvriod,  and  much  oftener,  they  were  found  as  short, 
raosded  organtama  (fig.  15,  b).  This  shape  appears  to  change 
vety  esaily,  lince  such  a  form  as  fig.  15,  b,  lying  at  rest,  has 

'  "  BsvaioB  te  ProUieliDmllien,"  '  SiUongsbw.  i.  k.  Aosd.  tu  Wien.' 
lUS.  Bd.  li,  p.  313. 
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been  seen  to  gradoany  awame  an  acdve  condition,  and 
then  to  take  on  the  more  elongated  form.     Sometimes  the 
organisms  appear  to  hare  snch  power  of  change  that  their 
outline  becomes  irregular,  and  they  even  exhibit  amoeboid 
movements.    The  protoplasm  of  the  Hexamiti  is  ver]^  clear 
and  transparent,  as  in  Drq>omonaM  agUu  and  PyranUmonas 
desci$$a.    In  the  first  form  there  are  some  interesting  agree- 
ments as  regards  the  relations  of  the  contractile  vacuoles. 
There  is  much  difficulty  in  determining  the  exact  number  of 
the  long  flagella,  but  Butschli  belieres  that  he  has  been  able, 
from  obserrations  on  living  specimens  as  well  as  on  thosekilled 
by  treatment  with  chromic  acid  and  solution  of  iodine,  to  fix 
the  number  at  eight.    Of  these  eight  flagella  two  spring  firom 
the  hinder  comer,  which  is  either  blunt  or  slightly  indented; 
as  Dujardin  has  obserred,  these  two  flagella  are  drawn  along 
by  the  general  movement,  without  themselves  moving  to  any 
great  extent.    The  organisms  also  attach  themselves  for  a 
time  by  this  posterior  pair  of  flagella,  and  rotate  rapidly  on 
their  axes,  as  if  anchored.    In  addition  to  these,  three  flagella, 
the  active  agents  in  causing  motion,  arise  on  each  side  of 
the  body ;  they  are  of  very  considerable  length.     The  pro- 
toplasm of  the  body  is  in  part  quite  firee  from  granules,  and 
is,  therefore,  transparent ;  in  part,  however,  there  are  con- 
siderable numbers  of  granules  of  varying  size,  and  of  a  dark 
nature ;  many  Hexamiti  also  contain  a  number  of  long,  very 
dark  and  shining  bodies  (fig.  15,  b),  which  sometimes  entirely 
fill  up  the   interior  of   the  organism,  occasionally   similar 
bodies,  of  a  dark  brown  colour,  are  visible.     No  investiga- 
tions into  the  chemical  nature  of  these  bodies  has  been  made, 
but  as  they  are  frequently  found  swimming  freely  in  the 
water,  which  is  inhabited  by  the  Hexamiti,  there  is  no  doubt 
that  the  latter  take  them  in  as  solid  food,  although  the  exact 
mode  is  still  unknown.  A  single  nucleus  has  often  been  clearly 
observed  about  the  centre  of  the  body  (fig.  15  a,  n) ;  it  is  of  the 
same  nature  as  in  Trepomonas  agilis.     A  contractile  vacuole 
is  situated  at  one  side  and  another  at  the  posterior  extremity 
(fig.  16,  a,  J).     After  the  contraction  the  following  curious 
phenomenon  occurs  during  the  re-formation.     An  elongated 
clear  space,  filled  with  fiuid,  makes  its  appearance  near  the 
spot   where   the   previous   vacuole  disappeared;  this  space 
rapidly  becomes  round,  and  is  then  slowly  pushed  forwards 
through  the  body,  it  soon  turns  back  until  it  reaches  the  spot 
at  which  the  previous  vacuole  contracted ;  the  systole  then 
occurs.     Sometimes  the  new  vacuole  is  produced  before  the 

S stole  of  the  previous  one,  but  after  this  has  taken  place 
e  new  one  is  pushed  to  the  hinder  end,  where  it  contracts. 
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ipbcQonieaon  of  the  vacuole  presents  considerable  like- 

■  wiih  the  appearances  observed  in   TrepomoiiaB.     The 

Igth  of  the  Hexamiti  was  about  O'Ol  to  0-OS  mm.     Fission 

r  the  processes  of  reproduction  has  been  observed,  and 

t  in  (letnil. 

lOnas, Schmarda  ('NeueFormeu  voulofusioren:  I 
schrift  der  k.  Acad.  d.  W.  zu  Wien.     M.  Naturwia- 
ich.  Classe,'  Bd.  i,  1850;  '  Abhandl.  von  Nichtmitglie- 
p.  9,  pi.  iii,  fig.  1). 
TeiramUiu,  Peny    ('  Zur  Kenntniss   IcleioBter    Lebens- 

■  p.  no). 

PyiamimonaB  descissa,  Perty  (op.  cit.,  p.  170,  pi.  siv, 

This  if,  again, an  exceedingly  interesting  species,  of  which 
two  distinct  forms  appear  to  be  known,  the  one  described 
here,  the  other,  Tetramitus  rostrahia,  of  Perty,'  which  has 
beea  figured  by  Fresenius,'  without  further  description. 

Pyramimo?uu  detcitm  is  a  small  organiGm  which  Biitschli 

hu  odIt  once  found  in  any  quantity;  it  occurred  in  foul 

pood  water.     The  appearance  of  the  organism  is  elongated, 

and  if    tightly  described   by   Perty   as   being   cone-shaped 

^^ffl.  VI,  fig.  16,  a),  since  the  binder  end  is  the  more  pointed, 

^^Bboogh  Ibis  is  not  regular,  as  this  end  is  sometimes  quite 

^^^ktd,  OS  fig.  16,  b.        The   anterior  extremity  is  exceed- 

^^Hgly  typical,  for  it  is  sharply  oblique,  so  much  so,  indeed, 

^Tnai  the  oblique  suifAce  is  slightly  inclined  towards  the  axis 

uf  the  organism  BO  as  to  embrace  the  entire  anterior  extremity 

of  the  body.     The  oblique  surface  is  concave.     Anteriorly 

^^Ae   four  flagelln,  of  which  the  posterior   is  the    shortest, 

^^^HUt  the  most  anterior  is  the  longest.     By  means  of  these 

^^^fcella  the  organism  rotates  rapidly  and  regularly,  and  con- 

^^^piently  its  examination  is  attended  with  difficulty.     The 

very  clear  proloplosm  of  the  body  contains  numerous  dark 

gnuiuln,  which  give  the  impression  of  being  food  particles, 

liDcc   they  are   iu   many  cases  enclosed   in  targe  vacuoles. 

nl  such   is   actually  the   case   is   proved  by  the  fact  of 

h    particles    baring    been    seen    to    be    thrust   out   of 

body.     The    simple    contractile    vacuole   lies    at    the 

id«T  end  of  the  body  (tig.  16,  a,  aud  b,  c) ;  it  contracts 

'Uy  and  suddenly.    Two  small  and  fresh  vacuoles  appear 

B  the  tystole  of  the  previous  vacuole  begins ;  afUr  this  I 

'  Op,  cit.,  pi.  xiv,  6g.  1. 
•  Pt  X,  fig.  3*,  3S. 
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kis  disappeared  tliese  two  coalesce  and  increase.  The  newly- 
fimned  Tacuoles  are  not  found  exsctly  in  the  same  position, 
Imt  they  appear  to  <xxnir  alternately  on  each  side.  No 
nucleus  has  yet  been  seen  with  any  certainty.  Reproduction 
occurs^  acocnding  to  Perty,  by  longitudinal  fission. 


IHiilftinftiiaMj  Ehrb.  (^Die  Infusiansthiere  als  vollkom- 
mene  organismen,*  Leipzig,  1SS8,  p.  ISO). 

aUotmomas^  Dujardin  (^  Hist.  nat.  des  Infosoires/  Paris, 
1841,  p.  295). 

Cr^piamomas,  Perty  (p.  165). 

Ehrb.  (n.  «). 

Zfffoselmis,  Froment^  (p.  S). 

Moderately  elongated  Flagellata,  whose  anterior  end  is 
divided  into  two  lips,  between  which  is  a  distinct  cytostome 
(cell  mouth),  bounded  by  dark  and  dosely-applied  walls 
which  run  hx  into  the  body.  At  the  anterior  end  are  two 
fair-sised  flagella.  A  contractile  vacuole  is  present  in  the 
upper  lip,  whilst  a  large  nucleus  is  situated  posteriorly.  Re- 
production takes  place  by  longitudinal  fission. 

Chilomonas  paramecium,  Ehrb.  (op.  dt.,  p.  SO,  pi.  ii, 
fig.  6). 

(?)  Cryptomonas  curraia,  Ehrb.  (p.  40,  pi.  ii,  fig.  16). 

(?)  „  cylindriea,  Ehrb.  (p.  42,  pi.  ii,  fig.  19). 

„  polymorpia,   Perty   (p.   162,  pi.    xi,  fig. 

A — H-) 

ChUomonas  granulosa,  Dujardin  (*  Histoire  nat.  des  Infii- 
soires,'  Paris,  1841,  p.  295,  pi.  iii,  fig.  15). 

Chilomonas  paramecium,  Ehrb.  (Schneider,  A.,  "  Beitrage 
zur  Naturgesch.  der  infusiorien,''  p.  199,  p.  ix,  fig.  25 ; 
'Arch.  f.  Anat.  und  Physiol.,'  1854). 

(?j  Chilomonas  ohliqua  (Duj.),  Fromentel  (p.  SSI,  pi.  xxiii, 
fig.  35). 

Zygosdmis  nebulosa  (Duj.),  Fromentel  (p.  S20,  pi.  xxiii, 
fig.  26> 

These  organisms  are  amongst  the  most  frequently  occur- 
ring Flagellata,  particularly  in  somewhat  foul  ponds  and  in 
infusions.  In  infusions,  however,  only  a  colourless  kind  are 
found,  generally  as  a  dark  variety  enclosing  a  great  number 
of  large  and  daA  granules — the  true  Chilomonas  parame- 
cium of  Ehrenberg,  or  the  Chilomonas  grantdosus  of  Du- 
jardin. The  brown  or  green  variety,  to  which  both  species 
of  Ehrenberg's  Cryptomonas  belong,  are  only  found  in  ponds. 

The    shape    of   the   organism   is    very   variable    (Plate 
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ig.  IT,  a,  c),  as  the  end  which  is  devoid  of  flagella 
)»  lometimes  poiated,  sometimea  rounded,  and  soinettmes 
U  bent  into  a  sharp  hook-shape,  and  again,  may  he 
without  any  such  bend.  The  colourless  examples  from  in- 
fuioDS  are  generally  small,  about  0022  mm.,  whilst  the 
brown  foTins  from  tlie  ponds  are^  for  the  most  part,  propor- 
tioDat«ly  »ery  large,  attaining  a  length  of  0'049  mm. ;  others, 
howerer,  only  attain  a  length  of  0*015  mm.,  and  conse- 
qusntly,  we  very  tmall.  There  is  so  little  variety  amongst 
tnetn,  that  the  author  believes,  with  Party,  that  they  are  all 
of  tmv  ipecies.  The  anterior  end  is  considerably  wider  than 
tbe  p(Mt«rioT,  and  the  lip  is  well  marked,  although  it  is  so 
hi  back  thai  the  cleft  shows  but  little  at  the  anterior  end. 
Tbm  two  flagellft  in  front  are  of  equal  length  and  strength. 
The  Ptrpogtll  of  the  dagella  is  considcTable  and  does  not 
k«MTi  lowardi  the  end.  The  deportment  of  these  ilagella 
during  the  state  of  test  is  very  peculiar,  for  the  organisms 
freqoeotly  tuck  them  in,  rest  for  a  considerable  time,  and 
then  Biftke  them  suddenly  revolve  with  great  rapidity.  The 
two  flagvlU  frequently  assume  during  the  resting  state  the 
po«iticn)>  shown  in  6g,  17,  c,  but  they  are  also  frequently 
wen  io  very  cramped  positions.  The  point  of  origin  of  the 
two  fUgella  is  not  accurately  determined,  but  they  appear 
to  rnriw  at  some  distance  from  each  other,  probably  one  from 
the  apper  and  the  other  from  the  lower  lip,  as  is  figured  in 
fig.  1 1,  c.  The  cytostome  (mouth  opening)  is  situated 
between  the  two  lips.  It  leads  into  a  short  tuhe  which 
u  quite  transparent,  and  which  is  bounded  by  thin  walls ; 
line  leula  into  the  gullet  provided  with  thii^  and  dark  walls 
(fig.  IT,  «,  V)d  c,  a).  This  cavity,  as  seen  from  the  surface, 
appean  to  be  striped  longitudinally  as  well  as  transversely, 
•e  that  a  knotted  appearance  is  seen  at  the  points  where  the 
TWO  eyvtems  cross  each  other  ;  the  walls,  therefore,  in  optical 
section,  appear  to  be  knotted  (fig.  17,  a).  The  substance  of 
wluch  tltMe  walls  are  composed  seems  to  he  thickened  pro- 
B,  beeante  they  do  not  remain  after  the  death  of  the 
__.j  bot  aio  destroyed.  The  ingestion  of  food  has  not 
_  _  I  sati^aetonly  followed  out,  but  they  appear  to  lake  in 
food  in  ibe  same  way  aa  do  the  other  Flagcllaia. 

The  contractile  vacuole  is  situated  in  the  upper  lip,  where 
it  is  easily  visible;  the  contractions  occurring  but  slowlj, 
it  reqnirai  stieotiou  to  observe  them;  this,  however.  Stem 
hie  aecoRipli*h«(I.* 

In  the  colofired  varieties,  the  pigment  is  by  no  means 
■  ft.  Stcia,  'Die  ioAuioutliiere  suf  ihre  EntwickelDDgtgescluchte 
~Rptig.  IS&i,  t,  p.  91. 
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evenly  distributed  throughout  the  body^but,  as  in  other 
coloured  Flagellata,  there  are  found  two  pigment  discs  of 
moderate  thickness  (fig.  17^  a).  These  discs  lie  close 
below  the  surface  of  the  body^  and  are  so  closely  approxi- 
mated along  the  shorter  and  longer  sides  of  the  body  that 
only  a  small  light  spac^  separates  them  (fig.  17^  b.) 

The  vesicular  nucletis,  with  its  large  inner  body^  lies  at 
the  anterior  boundary  of  the  posterior  third  of  the  body ;  in 
dead  specimens  a  thickened  wall  may  be  seen  surrounding 
the  Vesicle  of  the  nucleus.  The  granules,  which  lie  in  a 
double  row  in  the  interior  of  the  body,  consist  mainly  of 
starch,  as  has  been  already  shown  by  Schneider,  although 
many  do  not  contain  this  substance.  Iodine  causes  a  blue 
colouration  in  the  starch  granules,  which  disappears  on  the 
addition  of  concentrated  sulphuric  acid,  although  there  still 
remains  a  considerable  number  of  yellowish  or  reddish-brown 
corpuscles.  Sometimes  in  old  specimens,  starch  appears  to 
be  absent,  and  only  a  few  small  granules  of  high  refractive 
index  ''are  present.  In  such  cases  the  protoplasm  of  the 
body  is  crowded  with  vacuoles,  so  that  it  appears  to  be 
hollow  and  alveolar,  without  resulting  injury  to  the 
organism.  One  very  remarkable  observation  has  been 
made  by  Biitschli.  After  treatment  with  acetic  acid  of 
1  per  cent,  the  appearance  seen  in  fig.  17  g  was  obtained. 
A  number  of  fine  rays  shot  out  from  the  dead  animal  in  all 
directions,  so  that  the  appearance  was  like  that  of  a  Para- 
msecium,  in  which  all  the  trichocvsts  have  been  extruded. 
Amongst  the  r^ys  were  here  and  there  entangled  a  few 
granular  masses.  The  author  puts  forward,  as  an  explana- 
tion of  this  phenomenon,  that  the  organisms  have  an  arrange- 
ment which  is  similar  to  the  trichocysts  of  the  Ciliata, 
qualifying  this,  however,  by  the  statement  that  no  such 
formation  has  yet  been  observed  in  the  living  organism.  The 
animals  are  very  sensitive,  and  have  been  observed  to  die 
rapidly  under  the  cover  glass ;  their  bodies  becoming  rounder 
and  rounder,  and  finally  collapsing.  Reproduction  by  longi- 
tudinal fission  has  as  yet  been  alone  observed,  as  seen  in 
(fig.  17,  d  and  f).  In  the  single  case  observed  by  the 
author,  the  flagella  of  the  daughter  individuals  were  present 
before  the  pinching  off*  occurred,  without  their  origin  being 
traced.  The  constriction  occurs  tolerably  evenly  along  the 
whole  surface  of  the  body  (fig.  17,  d),  but  probably  some- 
what earlier  at  the  posterior  extremity,  since  the  products  of 
division  remain  joined  for  the  longest  period  at  the  centre 
of  the  body.  In  the  pinched-off  portion  of  the  body,  which 
is  tolerably  transparent  (fig.  17,  d),  are  a  number  of  dark 
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lioM  nmning  tmnaretsely  i  these  appear  as  if  the  daik 
gnnalea  of  Chilomonas  had  been  elongated,  although  this 
nnnot  be  proved.  These  transverse  stripes  are  seen  more 
disttnctl^  in  6g.  17,  e.  The  pinching-in  proceeds  very 
rmpiUly  in  ft  forward  direction,  eo  that  iu  a  few  minutes  the 
two  OT];uiisins  are  only  attached  to  each  other  by  a  very 
delicate  thread,  situated  somewhat  above  the  centre  of  the 
body  (fig.  17,  f).  This  thread  then  breaks,  and  the  result- 
iDg  organisma  are  free.  The  relations  of  the  nucleus  and 
contractile  vacuole  at  the  time  of  fission  were  obscured  by 
the  movement  of  the  organism  and  the  opaqueness  of  the 
protoplann. 

Astaflia,  Ehrenberg  (' Poggendoif's  Annalen,'  1S30,  p. 

508). 

"Drachetitis,  Ehrenberg  ('  Die  Infusionsthiere  ala  voUkom- 
meae  organismen,'  Leipzig,  1838,  p.  320). 

Perajtema,  Duiardin  ('Hist.  Nat.  des  Infusoires,'  1841,  p. 

m^staria,  Dujardin  (op.  cit.,  p.  356). 

WJ*ynM«ma  (Duj.),  Diesing  ('  Revision  der  Frothelmintben 
Iwitigsbericbl.  d.  k.  Acad,  zu  Wien,'  1865,  Bd.  iii,  p.  827). 
There  is  some  doubt  as  to  the  classiAcatory  position  of 
e  OTguiiems,  of  which  there  appear  to  be  three  species. 
«ma  and  Astasia  differ  from  each  other  in  that  the 
r  has  a  rounded  extremity,  whilst  the  latter  has  a  tail- 
Gke  and  pointed  posterior  end,  but  this  difference  is  of 
slight  importance,  since  the  forms  are  exceedingly  variable. 
Both  Pvranema  and  Astasia  have  the  mouth  situated  ter- 
tninally,  whilst  in  Pyronema  it  is  ventral. 

Astasia  trichophora,  Ehrenberg. 

{/)  Trarielius  trichophorus,  Ehrenberg  (' Abhandl.  d.  Ak. 
d.  W.  xu  iierlin,"  1830,  pp.  54,  65,  70j  and  '  Die  infusioiw- 
ihiere  als  voUkommene  organismen,*  Leipzig,  1838,  pi.  xxxiii, 
fig.  U). 

Peranfmaprotracta,  Dujardin  ('  Hist,  Nal.  des  IniiisoueB,* 
Paris,  1841,  p.  SM). 

P«rawma  protracium,  (Duj),  Perty  ('Zur  kenntniss 
kleiuater  Lebeuiformen  nach  Ban,  &c.,'  p.  108). 

(/)  Atla$ia  limpida,  Dujardiu  (op.  cit.,  p.  357,  pi.  v,  fig. 
12>. 

Aitaria  limpida  (Duj.),  Carter  ("Notes  on  the  Freshwater 
Inftuoria  of  the  Island  of  Bombay,"  '  Ann.  and  Mag.  of  y  -  ■ 
HjH.^'  2od  Mr.,  ToL  xviii,  p.  116,  pL  ri,  figs.  A^ — 4S). 
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Astasia  trichophora,  Claparede  ('  Studea  sur  Ics  Infiis 
pp.  41—346). 

Astasia  trichophora,  Clark  ('  Ann.  and  Mag.  Nat.  ] 
4th  ser.,  vol.  i,  p.  260,  pi.  vi,  fig.  45). 

These  organisms  appear  undoubtedly  to  possess  a  moutt|~~ 
Fl.  vi,  (ig.  18,  a,  represents  a  specimen  which  measures  acroM 
the  centre  005  mm.  Th«  form  is  very  vnriable,  owing  to 
Che  capability  of  energetic  coiitraction  possessed  by  the  body; 
apparently  due  to  the  partia)  contraction  of  the  outer  layer. 
These  layers  are  usually  arranged  in  rings  round  the  bodv, 
80  that  in  individual  zones  there  is  at  one  line  an  increase, 
and  at  another  a  decrease  in  size,  and  in  consequence  the 
whole  either  elongates  or  contracts.  The  greatest  amount 
of  contraction  causes  the  body  to  assume  an  almost  spherical 
shape.  In  Imge  specimens  the  author  has  observed  a  fine  and 
delicate  spiral  striping  of  the  outer  layer  of  the  body  surface, 
resembling  the  condition  seen  in  Euglena  tiridis.  The  anterior 
end  of  the  body  which  carries  the  flagellum,  is  generally  some- 
what narrowed,  and  is  sharply  truncate  ;  the  animal  moves 
slowly,  with  a  sliding  and  tolerably  constant  motion.  The 
flagcllnm  is  considerably  larger  than  the  body  when  extended 
to  the  full  lit  is  carried  (|uite  straight  and  fixed,  and  the 
extremity  alone  performs  vibrating  movements.  Specimens 
with  no  flagella  are  occasionally  met  with  ;  in  such  cases 
movement  is  effected  as  in  Euglente  with  no  flagella,  by 
the  contractility  of  the  body;  such  organisms  are  probably 
in  the  act  of  becoming  encysted-  The  posterior  end  is  gene* 
rally  rounded  and  is  never  pointed,  as  described  by  Clark. 
The  author  is  also  unable  to  verify  Clark's  description  of  an 
eyegpoi. 

The  mouth  apparatus,  of  which  it  is  not  easy  to  give  an 
account,  is  situated  at  a  short  distance  behind  the  base  of 
the  flagcllnm.  A  thick  dark  band  is  seen  upon  one  of  the 
flat  surfaces  of  the  body,  not  far  from  the  base  of  the  flagel- 
lum  (fig,  19,  a),  which  can  be  traced  backwards  for  a 
longer  or  shorter  space,  becoming  gradually  narrower, 
till  it  ultimately  disappeare.  This  band  has  been  seen  to 
consist  of  two  lines,  lying  so  close  to  each  other  as  to  appear 
as  a  nearly  closed  tube  when  seen  in  optical  section.  At 
the  front  end  of  the  baud  a  transparent  circle  is  often  seen, 
together  with  one  or  two  delicate  streaks  which  run  off  to 
the  base  of  the  flageilum  (fig.  18,  a).  The  posierJor 
double  stripe  will,  upon  this  hypothesis,  be  the  walls  of 
what  is  usually  a  closed  cesophagns,  which  arises  from  a 
chink-like  cytostome  situated  between  the  anterior  end  ol' 
this  band  and  the  base  of  the  fiagellum.    The  mode  inwb' 
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(bod  is  ingested  gives  strength  to  this  theory,  for  Astasia  tri-  < 
duftkorahaa  been  seen  lo  swallow  large  spherical  bodies 
(fig.  18,  b)  of  unknown  nature.  The  portion  of  the  body 
tIo»e  behind  the  base  of  the  flagellmn,  where  ihe  slit-like 
cftMtome  is  situated  becomes  funnel-shaped,  and  surrounds 
tlir  foo<l  lobe  ingested.  In  this  funnel  is  seen  a  transparent 
tube  of  considerable  size,  whose  walls  appear  in  optical  sec- 
lioa  ss  delicnte  bands ;  this  tube  leads  backwards,  and  is 
thr  (Esophagus  iii»iended  for  the  reception  of  food  ;  along  it 
Ibe  fcKxl  materials  puss,  without  any  assistance  from  the 
fiigellum,  into  the  interior  of  the  body.  Siein  has  observed 
the  expulsion  of  food  remains  from  the  posterior  end  of  the 

«.  The  conirattile  vacuole  is  at  Ihe  anterior  end  close 
e  a«ophagus.  The  contraction  is  rapid  and  very  sudden, 
rding  to  Clark.  After  the  contraction  several  small 
dIm  n]}pfar,  which  coalesce  to  form  the  new  vacuole. 
ne  spei'iraen  an  elongated  space  filled  with  fluid  made 
its  ippearance,  after  the  contraction  of  the  vacuole,  near  one 
or  two  email  vacuoles  in  the  position  of  the  old  one;  the 
imall  vacuoles  which  ultimately  coalesced  appeared  to  fuse 
with  this  space.  The  large  vesicular  nucleus,  with  dark 
inner  bodies,  lies  near  or  somewhat  behind  the  middle  of 
the  organism.  Within  the  protoplasm  of  the  body  is  seen  the 
food,  which  is  not  enclosed  in  vacuoles.  Peculiar  reddish- 
brown  bodies  are  also  present,  as  also  brownish  or  brownish- 
green  granules  of  secretion.  These  granules  are  either  scat- 
tered throughout  the  protoplasm,  or  they  are  collected  chiefly 
in  tb«  posterior  portion  of  the  body.  Ttiey  closely  resemble 
in  their  very  characteristic  appearance  the  secreted  granules 
net  with  ir.  the  Ciliata  and  in  Amoeba?,  and  are  remarkable 
for  (h<-ir  peculiar  brownish-green,  olive-like  pigment,  and  in 
AmtEbf  for  their  clearly  crystalline  form.  The  form  of  the 
rrystals,  a*  well  as  their  reactions,  show  that  oxalate  of  lime 
iff  present. 

Anisoaema,    Uujardin     ('Hist.    Nat.    des    Infusoires,' 
p.  544J. 

Bodo,  Ehrenberg  ('  Die  infusionsthiere  als  vollkommene 
orgKniamen,'  Leipzig,  1868,  p.  34). 

StlfTomila,  Dujardin  (op.  cit.,  p.  297). 
,(?)  Hfirronema,  Dujardin  (op.  cit.,  p.  S70}. 
"Tbese  organisms  possess  two  flagella,  situated  at  the  aii- 
lot  extremilT,  which  nre  sharply  differentiated  from  each   i 
Sf  by  their  (iiffefeni  conduct  in  motion.     The  shorter  fla- 
im,  which  springs  from  the  anterior  wall  in   advance  of 
Eodur,  ii  the  one  by  the  vibration*  of  which  alone  the 
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forward  movement  is  effected.  The  larger  flagellum  rising 
somewhat  further  behind  is  directed  backwards  by  the  move* 
ment,  and  so  it  often  simply  trails  till  it  attaches  itself,  and 
then,  by  its  rapid  bending  movements,  it  throws  the  body 
backwards  and  forwards,  but  chiefly  backwards,  upon  the 
same  spot.  It  is  this  flagellum  to  which  Clark,  in  contrast 
to  the  first  one,  has  applied  the  term  ^  gubemaculum." 

An  integument  is  present,  which  has  been  investigated, 
with  a  view  to  separating  the  three  genera  included  here 
under  one  name.  Forms  of  unvarying  shape,  the  surface 
of  which  did  not  appear  to  be  of  a  sticky  nature,  so- 
that  foreign  bodies  adhered  to  it,  were  considered  as  being 
provided  with  a  firmly  resisting  integument,  or  a  coat  of 
mail,  and  were  placed  in  the  genus  Auisonema ;  whilst  on  the 
other  hand  the  genus  Heretomita  was  recognised  by  the 
absence  of  such  an  integument.  Mobile  forms,  such  as 
Euglena  and  Astasia,  are  distinguished  by  the  possession  of  a 
contractile  integument,  and  this  character  serves  also  to  dif- 
ferentiate the  genus  Heteronema. 

As  numerous  Euglena-like  organisms  are  known  to  possess 
a  very  resisting  and  cutide-like  covering,  so  it  is  possible 
that  this  character  sharply  differentiates  in  some  degree  the 
genus  Heretomita.  On  this  account  the  author  has  had  some 
hesitation  in  associating  Heteromita  of  Dujardin  with  the 
organisms  now  described. 

Anisonema  acixius,  Dujardin  (*Hist.  Nat.  des  Infu- 
soires/  Paris,  1841,  p.  345,  pi.  iv,  fig.  27). 

(?)  Heretomita  ocata,  Dujardin  (op.  cit.,  p.  298). 

Anisonefna  eoncacum,  Clark  (^  Ann.  and  Mag.  Nat.  Hist.,' 
4th  ser.,  vol.  i,  p.  254,  pi.  vii,  figs.  65 — 69). 

Heteromita  crassa,  Fromentel  (*  Etudes  sur  les  Micro- 
zoaires,'  Paris,  p.  335,  pi.  xxiii,  fig.  16). 

Diplomita  insignisy  Fromentel  (op.  cit.,  p.  835,  pi.  xxxiii, 

fig.  37): 

This  is  a  somewhat  flattened  organism ;  the  ventral 
surface,  upon  which  it  generally  advances,  appears  hollowed 
so  as  to  be  slightly  concave,  whilst  the  dorsal  surface  is  cor- 
respondingly convex.  The  outline  of  the  broad  sides  is 
nearly  oval,  and  usually  the  hinder  part  is  somewhat  broader 
than  the  anterior,  which  is  somewhat  pointed,  although — as 
a  comparison  of  fig.  19  a  with  19  c  will  show — there  is  no  rule 
in  regard  to  this.  The  small  flagellum  causing  movement 
arises  from  the  most  anterior  point  of  the  organism.  The 
concavity  of  the  ventral  surface  is  not  quite  in  the  centre ; 
but   extends  somewhat  lower   on  the   right  side    by   the 
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inll  of  which  it  is  limited.  The  arched  form  extends 
■■  aotcrior  wall,  and  then  disappears  at  the  point 
piOD  uf  the  posterior  fiagellum.  This  flageniim  arises 
'wh»C  to  ihe  left  of  the  middle  line,  like  the  cytostonie 
[mouth),  and  nms  along  the  inner  side  of  the  avch  in  n 
(  to  the  «nterior  extremity,  round  the  cytostome,  and 
backwards  along  (he  right  side  of  the  ventral  surface. 

Soineff-bKt  behind  the  point  of  imenion  of  the  posterior 
flagcllam,  and  nu  the  left  side,  is  the  contractile  vacuole 
(fig.  19  a,  r).  The  mouth  apparatus  is  seen  on  the  inside  of 
the  ponioD  bounded  by  the  anterior  curved  part  of  the  pos- 
terior flngcllum  as  a  tube-like  .structure,  n-hich  does  not 
toA  TCTT  far  back.  The  nucleus  isseen  without  difficulty, 
t  uval  tult-rahly  large  body,  at  the  posterior  end  of  the 
nism  on  the  right  wall  of  the  body.  If  differs  somewhat 
1  the  Ducki  of  the  Flagellnta  which  have  yet  been  de- 
mibctii  apiiraacliiiig  more  nearly  to  the  nucleus  of  the 
CiKata,  as  it  exhibits  granular  bodies  as  dark  as  the  sur- 
rounding protoplnstn.  In  the  protoplasm  itself  are  seen  a 
gieatfr  ot  less  number  of  secreted  granules,  as  in  Astasia, 
which  ftie  chiefly  aggregated  at  the  posterior  end  of  the  body. 
Nothing  has  been  observed  by  the  author  in  relation  to  the 
'  iciioii,  although  multiplication  undoubtedly  proceeds 
mgitudinal  fission. 

ftttisonema  sulcatum,  Dujardin  (' Hist.  Nat.  dee  Tnfu- 
«,'  Paris,  1841,  p.  345,  pi.  iv,  fig.  98). 
tJo-{?)  j/randia,  Ehrenbcrg. 

[nitonema    tulcafitm,    Perty    ('Ziir   kenntniss   kleinsler 
^ntfarmcn,'  p.  164]. 

Ihcie  organisms  are  tolerably  common,  measuring  0'02 
..and  being  of  a  distinctly  oval  form  (fig.  20  a) ;  they  are 

f  quite  »o  much  flattened  as  is  Amsonema  ociniis.     The 

peealiar  flattened  ventral  surface,  which  was  described  in 
lh«  previous  form,  is  here  wanting.  The  posterior  fiagellum 
mofi  directly  backwards  without  describing  the  peculiar  curve 

■llie  intnior  end.  The  anterior  small  flagellum  which 
tt*  motion  arises  usually  from  a  distinct,  but  sometimes 
■  a  somewhat  obscure,  notch  at  the  anterior  end,  some- 
M  to  the  left  of  the  middle  line.  The  long  posterior 
fligellom  is  inserted  a  short  distance  behind  upon  tho  ventral 
■nnkce,  it  exactly  the  same  point  as  in  the  preceding  species. 
Ihts  ipvdes  attaint  to  nothing  hke  the  sixe  of  the  preceding. 
'"  •  month  apparatus,  commencing  at  the  most  anterior  point 
'\t  body,  runs  backwards  exactly  in  the  middle  line ;  it  is 
[ncUvtabe-like,  becoming  gradually  smaller  towards  the 
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posterior  end  until  it  reaches  the  hinder  third  of  the  body. 
Biitschli's  hypothesis  is  that  this  apparatus  is  npthmg  but  an 
oesophagus^  which^  beginning  at  the  anterior  Iip-Iike  end  of 
the  body,  sinks  into  the  body.  The  ingestion  of  food  has 
not  been  watched.  Both  the  dorsa}  and  ventral  surfaces  are 
more  or  less  distinctly  ribbed  longitudinally,  but  this  is 
sometimes  scarcely  perceptible. 

The  contractile  vacuole  is  in  exactly  the  same  position  at 
the  base'  of  the  flagellum,  as  in  the  preceding  species.  The 
nucleus  lies  on  the  same  side  of  the  body,  somewhat  towards 
the  centre ;  it  possesses  the  structure  that  is  usual  amongst 
Flagellata,  viz.  the  vesicular,  with  a  large  dark  inner 
body.  A  considerable  number  of  secretion  granules  is 
found  in  the  body  protoplasm^  in  addition  to  the  food  ele- 
ments. A  considerable  number  of  observations  have  been 
made  on  these  organisms  in  relation  to  the  process  of  fission. 
Individuals  which  are  preparing  to  undergo  this  process 
show  the  longitudinal  banding  much  better  and  more  clearly 
than  is  the  case  in  ordinary  specimens,  in  which  there  is 
often  no  trace  of  this  ribbed  appearance,  although,  as 
already  remarked,  it  appears  very  clearly  during  the  fission 
(fig.  20  b). 

The  earliest  condition  of  division  which  the  author  has 
observed  shows  the  flagella  for  both  the  young  forms  in  full 
pertei^tion,  close  to  each  other,  at  the  anterior  end  of  the 
somewhat  compressed  organism  (fig.  20  b).  The  method  of 
the  formation  of  these  flagella  was  not  followed  out,  but,  so 
far  as  is  known,  it  does  not  appear  to  occur  in  the  way 
described  by  Dallinger  and  Drysdale^  for  a  very  much 
smaller  Flagellate, 00085 mm., of  Anisonema-like  form.  The 
pair  of  contractile  vacuoles  for  the  two  offspring  are  present 
before  the  constriction  of  the  body  takes  place,  and  this 
remark  should  apply  also  to  the  mouth  apparatus,  but  on 
this  jwiut  observations  are  wanting.  The  actual  longitu- 
dinal dirisiou  of  the  bodv  of  Anisonema  occurs  in  a  one- 
sided  way,  for  the  constriction  between  the  flagella  begins 
at  the  ai\terior  boundary,  and  gradually  pinches  through 
the  body  backwanls,  without  any  constriction  occurring 
from  behind  (^ti^,  ^>  c — f  )•  Finally,  the  two  young  off- 
spring hang  together  by  their  posterior  ends  only  by  a 
delicate  thread,  which  is  ultimately  broken  through.  After 
treatment  of  one  of  these  dividing  organisms  with  dilute 
acetic  acid  the  condition  of  the  nucleus  is  rendered  visible. 

»  "  Further  R^$«Mcb«3  on  the  Life-hbtorr  of  the  Honids."  •  Month 
>licro$.  Joum.;  lS7a,  Vol.  X.  p.  945.  ^^ 
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Sliortif  before  or  at  the  iasiant  of  appearance  of  the  mark  of 
fiaakm  the  nucleus  appears  band-like  and  elongated  across 
ike  bodj  of  ibe  organism  (fig,  20  c).  There  also  appears  to 
be  I  longitudinally-slriped  diSeientJation  of  the  inner  sub- 
ilance  of  the  nucleus,  and  a  swelling  of  this  stripe  into  knot- 
hke  tbickeniiigB  is  to  be  clearly  aeen  at  one  of  their  cads. 
After  the  fission  had  made  some  progress  the  nucleus  thinned 
ia  th«  middle,  the  ends  became  swollen,  and  in  each  a  dia- 
tioct  inner  body  made  its  appearance,  connected  by  a  delicate 
thread  with  the  one  on  the  olher  side  (fig.  20  f ).  In  a  still 
iBoic  advBnoed  conditiou  the  two  nuclei,  which  had  become 
quite  roooded,  were  only  united  by  a  delicate  thread  of  con- 

£ble  length. 
ihomonas,  Stein  ('  Sitzunbericbt.  der.  konigl.  bohm. 
lath.  d.  Wissensch.  Jahrg.,'  1860,  pp.  49,  50). 
Lo[ihomonas  blattarum,  Stein  (loc.  cit.)- 
These  highly  interesting  parasitic  Flagellate  forms  were 
bond   by  Stein   in    the   rectum  of  Blatta  orienlalis.     The 
AUtbor  is  able  to  confirm  Stein's  observations  in  every  respect, 
w  far  aB  the  few  specimens  seen  by  him  will  allow.   The  shape 
of  LophmivmaM  blatiarum  is  a  roundish  ovoid  (Plate  vi,  fig. 
SI  bj,  only  the  amallest  individuals  possessing  the  more  sphe- 
rical form  {fig.  21  a)  described  as  being  most  common  by  Stein. 
Tlie  ttithoi  has  inrestigated  these  organisms  in  a  dilute  solu- 
tkm  of  albumen,  and  has  by  this  means  avoided  the  alterative 
influence  of  water,  whilst  he  has  been  able  to  preverve  them 
Moinjared  for  more  than  twenty-four  hours. 

The  somewhat  tapering  anterior  extremity  is  sharply  trun- 
cated, and  it  is  from  this  point,  which  ia  sometimes  very 
distinct,  and  at  other  times  very  indistinct,  that  the  tuft  of 
flagrlla  which  is  aochnracteristic  of  the  species  arises.  This 
toft  consists  of  a  great  number  of  flagella  ranged  close  to 
each  other  which  are  in  part  twisted  together  into  a  tuft — 
this  is  true  chiefly  for  the  middle  and  larger  ones — which  ia 
only  broken  up  into  the  individual  flagella  at  its  extremity. 
The  outer  flagella  of  the  tuft  are  smaller  and  separate,  and 
vibrmte  freely  in  the  surrounding  fluid  medium.  The  united 
taft,  on  the  other  baud,  performs  onlv  occasionally  lashing  and 
jerking  movements.  In  exhausted  and  dying  specimens  the 
cSia  separate  into  confused  tufis,  The  structure  of  the 
anterior  end  carrying  the  tuft  of  flagella  is  very  peculiar.  A 
nand  and  sointwhat  dark  body,  the  nucleus,  is  situated  a 
■bort  distance  behind  the  dueler  of  cilia;  it  stains  deeply 
with  carmine,  and  gives  the  impression  of  a  homogeneous 
pliumatic  body  in  the  living  organism,  but  after  treatment 
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with  dilute  acetic  add  it  appear?  as   a  vesiciilar  nncleas, 

with  a  large  and  dark  irregxxlar  sheath  coataining  nucleoli. 

The  aocleos  Hes  in  a  $pace  whkh  i»  lemarfcable  fiyr  its 
clear  and  transparent  nature ;  it  oecnpies  almost  the  entire 
breadth  of  the  anterior  exiremitr,  ba:  rapidly  narrows  as  it 
paMcs  backwards,  and  in  large  specimens  it  can  usually  be 
traced  only  as  £ir  as  the  centre  of  the  body  ^'fig.  SI  a),  whilst 
in  smaller  examples  it  extends  almost  to  the  hinder  end  of 
the  body  (fig.  27  b^.  In  the  larger  speamens  also  a  deli- 
cate transparent  band  runs  along  the  middle  line  of  the 
body  to  the  posterior  end  as  a  prolongation  of  the  anterior 
light  space.  Roond  this  clear  space  at  the  anterior  end^ 
which  is  triangular  when  seen  in  optical  section,  is  a 
thick  enTelope  of  a  denser  and  darker  plasma,  which  is 
tolerably  sharply  boonded  off  from  the  remaining  proto- 
plasm (fig.  21  a).  The  body,  therefore — at  least,  in  the  larger 
individuals — is  dirided  into  two  portions,  of  which  the 
anterior  is  somewhat  shorter  than  the  posterior.  After  treat- 
ment with  dilute  acetic  acid  the  two  segments  are  sometimes 
Tery  clearly  separated  from  each  other,  whilst  there  appears 
between  them  a  space  filled  with  fluid  brought  about  by  the 
Tarring  contraction  due  to  coagulation. 

The  hinder  and  larger  half  of  the  organism  consists  of  a 
transparent  granular  protoplasm.  It  encloses  a  larger  or 
smaller  number  of  granular  contents^  which,  so  far  as  the 
author  can  judge,,  consist  chieriy  of  food  particles.  In 
the  organisms  examined  this  par:  of  the  body  usually 
contained  a  number  of  very  dark,  round,  or  oval  granules, 
of  a  high  refractive  index,  closely  packed  together,  such  as 
exist  in  quantities  in  the  intestine  of  the  cockroach ; 
they  are  probably  starch  granules,  but  they  have  not  been 
examined  chemicallv.  Individuals  are  occasionallv  found, 
which  are  very  much  smaller,  and  are  free  from  such  granular 
contents.  A  protoplasmic  thread  was  often  seen  at  the  pos- 
terior end,  which  trailed  as  a  tail-like  prolongation  of  the 
body  substance.  Sometimes,  also,  numerous  bodies  of  a  con- 
siderable size,  like  those  within,  adhered  to  the  outside  of  the 
hinder  end  of  the  organism,  giving  rise  to  the  supposition 
that  the  hinder  end  took  part  in  some  undefined  wav  in  the 
ingestion  of  focd  ;  and  this  is  rendered  more  probable  bv  the 
fact  that  the  peculirirly  constructed  anterior  end  is  al'wavs 
found  to  be  entirely  free  from  food  contents.  No  contractile 
vacuole  is  discoverable.  Vacuoles  are  only  very  rarely  found 
in  the  substance  of  these  organisms ;  the  author  has,  himself, 
observed  them  in  only  two  cases,  in  neither  of  which  was 
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thm  Miy  appearance  of  conlraction.  But  little  is  known, 
nd  that  not  certaiuly,  of  the  reinoductioD. 

IniliTiduala  bavebeen  met  with  wliiuh  were  provided  with 
two  Infut  of  cilia  instead  of  with  one,  and  which  exhibited 
all  that  peculiar  nn-Bngement  under  each  of  the  tufts,  which 
would  be  present  in  an  ordinary  individual.  Such  speci- 
mau  were  alwava  very  variable  in  form,  at  one  time  con- 
ttacting  UiemselVes  to  such  a  degree  that  the  two  clusters 
of  cilia  stood  close  together,  and  again  extended  themselves 
till  they  were  upon  opposite  ends  of  the  body.  From  what 
ii  «  present  known  as  to  the  prelude  to  divisiou  amongst 
the  I^agelUla,  we  are  led  to  believe  that  these  forms  are 
■bout  to  undergo  fission.  On  the  other  hand,  it  may  be 
u^ued  that  such  forms  have  been  watched  for  a  long  time 
without  any  further  advance  in  the  process  of  division  buing 
obwrvable. 

A  conaidenble  numher  of  individuals  were  once  seen  whose 
povteriot  extremities  were  beset  with  small  cilia,  but  it  has 
iMt  been  decided  whether  these  forms  stood  in  any  relation 
l«  the  final  aUte  of  division.  Very  large  specimens  measured 
mt  0*03  mm. ;  but,  as  already  noticed,  there  are  remarkable 
n  sije,  as  is  shown  by  the  figures  21  a  and  21  b. 
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Lophomotias   striata,  n.  sp,  ? 

The  form  to  be  described  under  this  name  (Plate  vi,  fig, 
21  c  d)  i>  also  fonnd  in  the  rectum  ai Blatta  orientaUs.  This 
pecutuT  organism,  in  relation  to  its  possession  of  a  large 
aatmoT  tuft  of  cilia,  is  closely  allied  to  Lophomonm  blat- 
tarttm,  and  the  finer  details  of  structure  are  exactly  the  same 
as  in  the  oidinarj-  kind.  The  form  of  the  body,  however,  is 
rerr  different:  it  is  usually  elongated  and  spindle-shaped, 
wbibt  the  anterior  end,  for  the  reception  of  the  tuft  of 
flagtlla,  is  somewhat  sharply  conical,  in  opposition  to  the 
usoallj  broad  end  in  Lophomomis  blaUarum.  Only  occa- 
•KMUtUy  is  there  any  important  deviation  from  this  form  : 
the  cpindle,  however,  appears  sometimes  longer,  at  other 
ttnws  •horter.  Once  a  small  form  was  seen  (fig.  21,  c), 
which  differed  notably  from  the  ordinary  individuals  in  the 
poMession  of  an  oval  rounded  body.  The  length  of  ihe  body 
it  the  snmc  on  the  average  as  in  Lopkomonm  hlitUarum, 
but  it  is  usually  someivhat  greater  in  the  elongated  spindle 
fbnns.  The  comparatively  stiff  and  unbending  nature  of 
ifae  hody  protoplnsm  is  very  jiecnliar,  in  rouirnsi  with 
rrmn8|i«rent  prutophiKm  of  the  forms  hitherto 
ibed.  A  very  typical  spiral  longitudinal  banding 
it  ia   Mmetitnes  regular,  nt  other  times  irregular. 
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even  to  confusion.  It  is  absolutely  peculiar  in  thnt  the  proto- 
plasm is  surrouQiied  by  many  bands  of  high  refractive  index, 
of  somewhat  irregular  outline.  It  is  clear  that  it  is  not 
dependent  on  a  spirally  ribbed  sheath.  Nothing  al  all  can 
be  made  out  in  the  body  of  the  organism  beyond  this  band- 
ing; there  is  no  trace  of  any  granular  contents,  or  granular 
plasma,  and  no  nucleus,  with  its  peculiar  arrangement*,  such 
as  is  found  in  this  neighbourhood  in  Lophomonas  blattarum. 
Once  a  clear  spot  like  a  vacuole  was  seen  nt  the  anterior  end 
of  a  specimen.  Dying  specimens  conduct  themselves  quite 
peculiarly,  for  in  them  (he  body  becomes  broken  up  into  a  neap 
of  threads,  since  the  banded  structures  become  separated,  and 
lie  confusedly  on  each  other.  This  phonomeuon  seems  to 
show  thnt  the  chief  part  of  the  body  is  made  up  of  such 
tlireads,  as  all  that  was  visible  between  these  hrolicn  down 
mnases  of  threads,  were  small,  round,  and  palu  granulcx. 
This  species  when  fresh  moves  as  rapidly  and  energetically  by 
means  of  ita  tuft  of  ciHn  ns  theordinary  Xo/)Aofno»ii«  blattarum, 
but  like  the  latter  it  dies  after  a  shurt  time  in  indifferent 
fluids.  Tiiey  are  found  more  rarely  than  Lup/iomotuu 
blattarum,  but  sometimes  they  are  found  together  in  the  su 
animal.  Loydig  appcnrs  to  have  observed  a  species  of  tl 
genus  in  Grylhtulpa. 

TTvella,  Ehrenberg  ('  Die  Infusionslbiere  alt  vollkotn- 
meue  organismen,"  p.  19). 

Uvella  virescens  (Rory),  Khrenberg  (op.  cit.,  p.  l60j_ 
pi.  i,  fig.  26_). 

UvcUa  cir«tc0f»,  Dujardin   ('Hist.  Nat.  des  Infuaoin 
Paris,  1841,  p.  301). 

Utella  cirttcma.  Party  ('  Zur  kenntniss  kleinstet  LelH 
formen,'  etc.,  p.  176,  pi.  xiv,  fig.  1). 

Ueclia  ciretcent,  Fromentel  ('  Etudes  sur  lea  Microioai 
Paris,  p.  «S8,  pi.  xsvi,  fig.  7). 

This  commonly  occurring  form  consists  of  spherical  free* 
swimming  colonies,  the  constituent  individuals  of  which  are 
united  in  the  ecnlre  of  the  colony  by  their  tapering  posterior 
ends  (fig.  22,  a).  They  are  not,  however,  connected  below, 
and  are  not  embedded  in  a  common  case.  Each  of  the 
yellowish  or  yellowish -green  individuals  on  that  pole  which 
1%  furthi'Sl  away  from  the  centre  of  the  colony  has  two  large 
flugella  which  arise  close  lo  each  olher.  The  number  of 
individuals  which  unite  to  form  n  colony  is  very  variable. 
Fig.  Hi,  a  shows  such  a  colony  composed  of  only  a  few 
individuals ;  for  Ehrenberg  bu  found  as  many  u  eighty  in  a 
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«ni(W  colouy.  The  yellow ish-greeo  colourntion  is  <lepeii- 
licbt,  a«  ill  uiher  c&ses>  upon  the  prtsetice  of  two  pignieijt 
4tK>,  whirh  are  rdntively  not  very  thick,  of  whirh  one 
oecQ|ne>  each  Utenl  lialf  of  the  body,  lying  clo(>e  beneath 
Itw  surface.  Bvlwei-n  the  twu  discs  is  only  a  small  sjince, 
wluch  appears  cm  cloHer  inspection  aa  a  colourless  trans- 
urent  line  runnitig  longituilinally.  The  pigment  is,  there- 
rate,  Bot  present  in  the  buily -substance  in  it  finely  divided 
coottitioQ,  mn  Stein  has  described  in  certain  red  and  yellow 
KlagellatA.  The  pigment  discs  of  (Jvella  are  remarkably  dis- 
duct;  after  ihedealh  of  lheorgauisni,nhGn  the  body  protoplasm 
iwella  Up,  and  the  whole  boily  becomes  rounded,  the  pigment 
diacs  ondrrgo  the  same  change,  and  ultimately  shrinking  to- 
IfcUi^fonn  irfrguUr  or  ruundlah  bodies  (fig.  23,  band  c).  In 
the  hioilcr  end '<i  the  body,at  the  spot  where  the  tapering  gives 
•  to  the  L-alourlcss  point,  are  luunil  two  small  conirnclile 
oIps  cIoim*  (a  (uich  orlicr  (fig,  S2,  a  v),  which  contiact  al- 
Btely  and  t«»[ipear  upon  the  same  sjiot.  A  nucleus  cannot 
ten  under  the  ordinary  conditions,  although  it  can  be 
1  by  etnining.  A#  demousirBted  by  iiealc's  carmine, 
amewbat  in  tlie  centre  of  the  body  between  the  two 
lit  diaoK,  whiUt  the  rest  of  the  body  remains  quite 
aurei)  (n  in  Gg.  2Z,  b  and  c).  The  body  protoplasm 
la  generally  filled  either  with  fiue  or  coarse  granules  in 
larger  or  amaller  numbers  i  the  anterior  end  alone  often 
>p]ieara  to  be  quite  free  from  such  granules,  and  is 
therefore  tranapareni.  Only  a  single  stage  in  the  process 
«f  fiaaion  lias  been  observed  (fig.  2ii,  dj,  and  it  agrees  with 
the  luual  mode  followed  by  other  Flagellata.  The  division 
occur*  lengthwise,  and  then  the  Hagella  and  contractile 
laconles  increase  in  number,  as  do  also  the  pigment  discs 
{fi«.  22,  d). 

Encystatiou  has  also  been  observed  in  Uvella  ;  such  en- 
I  fums  being  often  found  on  crushing  a  colony  among 
nal  otgauisms,  and  also  lying  free  in  the  watch  glass  in 
'l  the  tlvrlja  has  been  kept.     These  formti  consist  of  a 
uilv  ineifular  outi-r  coat,  enclosing  a  thicker  coat,  which 
tnn»edi&l«-l}  surrounds  the  encysted  body.      Within  the  cyst 
lie  the  nuch  contracted  pi;;ment  discs. 

Among  the  individuals  forming  the  Uvella  colony  a  small 

Fli— 'I '-"If!   so  frequently  as  to  be  almost  uormal 

{fy_  imall    organism    is  long    and   spindle- 

.].  -   two   tlngulla,   and  Gxet,  itxelf  with  its 

II  ! — which  IK   more  pointed— towards  the 
^u     of     ih.-    cidony.      It    calls     to    mind    Chtormjumum 
»  XUU— KBW  »Ea.  t> 
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euchlorum,  Ehrb.^  or,  perhaps,  with  greater  distinctness^  the 
soospores  of  Colacium  described  by  Cienkowski.T 

Uroglena,  Ehrenberg  ('  Die  Infusionsthiere  als  vollkom- 
mene  organismen/  Leipzig,  1838,  pp.  61,  62,  pi.  iii,  fig.  11). 

Uroglena  volvox,  Ehrenberg  (loc.  cit.). 

These  organisms  have  been  found  by  the  author 
in  enormous  numbers,  chiefly  in  some  small  ponds 
near  Frankfort  -  on  -  the  -  Main,  but  also  in  a  pond  in 
the  Grand  Ducal  Park  at  Carlsruhe.  They  form  large- 
sited  colonies,  which  are  generally  spherical,  but  never 
so  regularly  spherical  as  in  Yolvox,  since  they  generally 
have  more  or  less  irregular  blunt  corners,  and  often  deep  .con- 
strictions. The  individuals  are  ranged  close  to  each  other 
(fig.  SS  a),  and  are  enclosed  in  a  gelatinous  covering ;  the 
author  has  not  observed  the  tails  described  by  Ehrenberg, 
but  finds  that  the  hinder  extremities  of  the  individuals  are 
•imply  rounded,  and  that  there  is  no  junction  between  the 
individual  organisms.  It  is  not  yet  determined  whether  the 
a)>ac«s  in  the  interior  of  the  colony,  which  are  not  occupied 
by  the  orffanisms,  are  filled  with  the  gelatinous  covering,  or 
with  fluid;  but  the  author  is  inclined  to  think  the  latter, 
aiiUH)  he  has  observed  f^eat  numbers  of  diatoms  and  other 
fort^igu  biHlies  moving  freely  in  this  position.  The  greatest 
lou^lh  of  a  $iu^le  individual  is,  on  the  average,  O'Oll  mm. 
Kaoh  individual  Wars  two  flagella  peripherally,  a  large  chief 
tla^vUum  la)H'ring  gradually  from  its  point  of  origin,  and  a 
small  avHH'^orv  flagellum  near  it,  as  in  Dinobryon. 

Tho  evo  »)H>l  is  close  to  the  base  of  these  flagella:  the 
a\Uhor  has  only  ol^sorvvd  a  single  one,  whilst  Ehrenberg  has 
iitvu  lhr\H\  the  iucrvastHi  number  being  due  to  impending 
tissiv^u, 

lu  the  autt'rivu  half  of  ihe  body  of  each  individual  are  two 
\t^Uo\\i>h«bu>\^u  or  gnivnish-brown  pigment  spots.  Treat- 
luoul  \\iU\  rtUvhol  extracts  the  bright  green  chlorophyll 
\H^louiii\^  u\;itovial  tWm  iho  pigment  discs,  just  as  in  the  case 
\^t  ^UaUmos,  Vhe  vvniractile  vacuoles  ;>)  are  present  singly 
(fi^;,  v-v"^,  «i\  they  swvU  considerably  during  the  systole,  so 
(hnl  the  IhhK  >^aU  has  a  hemia-like  protrusion  it  contracts 
iM|M\Uy  u\ul  suddenly.  The  nucleus  has  been  demonstrated 
\\\  oa\uuue  sti*\mui:»  Wlowed  by  treatment  with  glycerine 
ooulHUUi)^  h\  di\V4^  u  chloride*  The  process  of  reproduction 
[\^^  uol  \el  Ihhm\  K>llowe\l  out. 


^^^^^^n^iai 
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II.    PkOTOZOA    FuiGELL.VT.1    KESEMUl-ING    RllIZOFODA. 

A  Flagellate  with  nuclearia-like  rhizopod  con- 

.-.-ThU  orgauisui  has  been  Bhorily  ilcstribei!  by  Cien- 
CUwphrys  infimonum;  U  has  been  Iwice  fuund 
tbeMDircuuditions  m  coiisiileralilenutubLTSjviz.iiipancl 
>r  wliicb  tiai]  slouil  some  timi:  iti  ihe  house  uai)  had  become 
■wbvt  fou! ;  ill  oue  case,  in  company  with  a  large  quan- 
tity tif  AntopAysa  teffelaru,  and  many  other  Flagellata,  such 
■•  are  usually  found  iu  foul  ditch  wuter.  The  arganism  is 
lulrrably  large,  0-03  tniii.iii  length,  hut  varying  considerahSy 
in  size.  It  i«  considerably  elongated  (fig.  24,  a),  and  is  snnio- 
<*hat  tspcriug  Huit-norly ;  the  front  end,  which  bears  the 
flagrlluin,  b  somewhat  sharply  truncated.  The  posterior 
end  II  usually  ronnded,  and  is  soinetioies  drawn  out  into 
a  tail-like  appt-ndiige.  This,  however,  appears  only  to  be 
ihp  c«»c  when  the  organism  is  passing  into  its  rhixopod 
condilioa.  A  nucleus  and  contriK-tile  vttciiole,  both  in  a 
roDsUnt  position,  are  seen  within  the  prutopluem,  which  IS 
tolirralily  clear.  The  nucleus  lies  at  the  front  of  the  body, 
doae  b«low  the  base  of  the  flagellutn  ;  whilst  the  contractile 
lie  ttiabtput  the  centre,  or  somewhat  above  it,  close  under 
surface.  Other  vacuoles,  which  are  not  coniractile,  are 
illy  found,  and  near  them  large  dark  granules,  sometimes 
|(tc*iii»h  colour ;  theiie  can  only  be  looked  upon  as  in- 
g«ieil  food  materials.  Many  secretion-granules  are  also 
preHmt,  hvapvd  loftetlier  at  the  posterior  end. 

If  a  niudcralfly  active  l-'lagellate  of  this  form  be  kept  under 

'atiuu  for  some  time,  it  will  often  be   found  that  the 

icnt  becomes  slower,  whilst  the  circumference  becomes 

Fine  pscudopodia  are  gradually  thrust  out,  and 

ibr  drslniclioii  of  the    tlagellum    the  organism   becomes 

confuted  inloa  rhizopod  form  (fig.  24  b). 

in  this  coodtlioD  it  closely  resembles  Cienkowski's  Nude- 
aria  limjiifx  in  its  rounded  circumference,  and  lis  numerous 
Tvdiating  and  delicate  pseudopodia.  It  is  probable, however, 
that  thin  form  is  not  identical  withNucleariu.  Cienkowski 
glwerved  a  change  in  the  reverse  way,  viz.  from  a  rhi- 
It  into  an  actively  moving  flagellate  stale. 
alio  po«s«»«d  by  tlie  organism  just  described, 
lopodia  ate  reiiaicied  together,  and   the   body 

^ ^in»  to  move  backwards  nod  forwards,  the  cuuse 

warnueut  heuig  iodiscvrniblr.     Finall),  when  iho 
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moreineiit  has  become  more  esergede,  the  ofgrnnism  increases 
in  length,  and  the  flageDiim  ts  distinctlT  seen  at  one  end. 
No  obserrations  hare  been  made  as  to  the  reproduction  or 
encjstation  of  this  interesting  form. 

2.  Bhixopoda  IWWIIIfiming  flagelbt. — Snch  organisms 
hare  been  described  br  Claparede  and  Lachmann^  under  the 
name  Podostoma  JUigentm,  br  F.  E.  Schulae*  as  Mastiffomceba 
mspera,  and  bj  Carter.  The  author  has  repeatedly  found  in 
somewhat  foul  pond  water^  which  has  stood  for  a  consider- 
able time  in  a  glass,  an  organism  which  is  not  identical 
with  any  of  the  forms  described.  It  has  the  appearance 
of  a  small  naked  zhizopod,  with  delicate  and  somewhat 
branched  pseudopodia,  which  are  not  numerous  (PL  ▼!,  fig, 
£5.)  The  shape  is  natorallj  rerj  rariable ;  in  a  tolerably 
elongated  form  the  length  is  OV^  mm.  The  protoplasm 
appears  to  be  Tery  transparent,  it  is  homogeneous,  and  it 
never  contains  many  particles.  UsuaUy  there  are  a  number 
of  constant  yacuoles,  some  of  which  contain  dark  granules, 
the  ingested  food  materials,  and  moreover,  minute  dark 
granules  in  large  or  smaller  numbers.  There  is  no 
differentiation  into  Ecto  and  Entoplasm.  The  pseudopodia 
are  never  very  long,  and  are  generally  finely  pointed; 
comparatively  seldom  they  are  branched  so  as  to  be 
forked  or  antennate.  A  contractile  vacuole,  and  sometimes 
more  than  one,  is  present.  The  vesicular  nucleus,  with  its 
contained  inner  bodies,  is  clearly  visible.  In  some  specimens 
it  can  be  readily  seen  that  the  organisms  possess  a  large 
flagellum.  Relatively,  this  flagellum  is  the  largest  observed 
amongst  the  Flagellata,  as  it  is  sometimes  eight  or  ten  times 
longer  than  the  body.  It  is  very  delicate,  and  either  vibrates 
only  at  its  outer  extremity  or  lashes  along  its  whole  length. 
The  movements  which  the  flagellum  sometimes  executes  in 
relation  to  the  body  are  very  peculiar.  As  the  whole  body 
consists  of  movable  amceboid  protoplasm,  the  place  of  in- 
sertion of  the  flagellum  is  naturally  variable,  and  the 
flagellum  is  often  seen  slowly  moving  round  the  body,  and 
finally,  returning  to  its  original  position. 

The  movement  is  usually  like  that  of  a  Rhizopod;  some- 
times the  movements  of  the  flagellum  are  energetic,  and  the 
organism  then  begins  to  move  like  a  Flagellate,  by  help  of 
its  flagellum.  In  such  a  case  the  organism  always  assumes 
an   elongated  shape    (fig.  25     b),   and   the     flagellum    is 

>  •  fitudes  sur  Jes  Tnfusoires/  i,  p.  441,  pi.  xxi,  figs.  4—6 
2  'Arch.  f.  Mikr.  Auat./  Bd.  xi,  p.  583. 
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Ktcbed   far   forwardB   from  the  pointed  extiemity  of  thai 

J  llie  pseuilopuilia,  however,  are  not  retraciect. 

tin   this  coiiilitinn  the  nucleus  is  situated  iu  the  pointed  ' 

^rrior  cxtiemtly   from  which   spring    the   flagelln.     It    is 

irkaltle  that  after  moving,  at  most    for  a   short  time,  by 

ii>  of  us  fla^llum,  the  little  organism   returns   to   its 

r«piu||;  mode  of  life,' 


AjXUBba  Blattas,  n.  sp.  van  ^)ipbold.^  The  aiithur  has  I 
jIj^  given  an  account  of  the  peculiar  appearances  observed  ] 
I  ttte  nuclei  of  jima&a  princepg,  showing  that  the  nu 

1  size  of  the  nuclei  undergo  great  variations.     The  sanne  " 
Uttgea  hKve  lately  been  found  to  occur  in  other  Amoeba. 
[Tb«    AmaiM    blall/t   (Fl.    vi,    fig.    26)  rivals  in    size  ihe 
'ioprinceps,\l  is  fuimd  as  a  parasileiu  the  dilatation  at  the 
Kineul  of  the  rectum  in  the  cockroach,    In  this  situa- 
dm  it  lives  with   Oiyurut,  Nyctotherus  ovalis,  Loyhomonas, 
and  numberlen  small  Flagellata.  On  making  a  preparation  to 
•how  tlic  living  entuparasitic  Amoebie  contained  in  this  )tosi- 
they    way  be  seen  as  round,  and  apparently  lifeless  | 
*,  which  8o«n  exhibit  their  somewhat  sluggish  i 
I,   theieby  dccUiitig  their  true   nature.     The    proio-  j 
I  of  this   apecies  appears  to  ho   neither  homogeneous, 
■IvKiUr,   iior    reticular,  as    in   many    other  Protozuu,  but  I 
always   very    tuarkedly   fibrillar.      On    close    investigation  i 
it    may    be   noticed    that  it    appears  to   be   made    up    of 
numvTOua  dark  threads,  which  are  somewbat  irregular,  and 
are  occasionally  kuotled  or  granular.     These  threads  eithor 
mo  iDuTC  or  less  regularly  in  reference  to  the  direction  of 
.iv«iii£nt  of  the  body,  or  ibey  cross  it  somewhat  confusedly. 
idear  intermediate  mass  separates  individual  threads  from  ■ 
othor :  frtiin  lis  refractive  index,  and  irs  feeble  reddish* 
>ar.  this  mass  appears  to  be  fluid.     A  peculiar  homoge- 
IS  otit«r  Uyer,  the  ectoplasm,  such  as  is  often  found  'u\  I 
^bte,  and    amoeboid    organisms,    is    not    here     normally  1 
'Ol.     The  coDlour  of  the  body  is    formed  by   a  layer  of  1 
pcotuphinm,  which  is  usually  very  delicate ;  from  this  l 
■rise  the  proloplasmic  threads  of  the  body,  and  with  it  I 
rjr  ire  in  direct  continuity.     This  dense  surfaci;  |a)-er  ofl 
iplum  >«  ofton  hcnjird  up  at  certain  s^Kits  in  ihft  bodyf 
grsat  masses  (fig.  £6  a),  iu    which  case  it  is  seen   »»{ 

"  Ob  Pnn-iwiaiDiiiis  Amcctiw."  tec  tliu)  Cieiikowaki, '  Prinu*h.  Jtirb.  tM 
*  Bd.  ill,  p-  i:!i,  mA  Itifm.  '  Muutb  Mior.  Joum.,'  J,  n.  351.  '* 

'  •HriliTC*  s«r  krimlniu  Wirbpllxsr^r  Tlurrc.'  Dtatip,  1S3U.  p  nO. 
a  dbvr  dm  nr^ttni  tjiiwickclunj{S'  urgiuijii-,'  etc.,  p,  104. 
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a  homogeneous  mass  of  tolerably  high  refractive  index.  The 
author  then  goes  on  to  describe  the  way  in  which  these 
masses  are  produced  by  the  various  movements  of  the  proto- 
plasm. The  filiform  structure  of  the  Amoeba  disappears  after 
the  application  of  such  pressure  to  the  cover  glass  as  will 
kill  the  organism,  at  the  same  time  the  protoplasm  becomes 
homogeneous.  This  phenomenon  is  due,  the  author  states, 
to  the  fact  that  the  threads  of  protoplasm  swell  up  under  the 
pressure^  take  up  the  fluid,  and  fuse  with  one  another.  In 
this  Amoeba,  the  protoplasm  on  the  surface  of  the  body 
sometimes  becomes  homogeneous  during  the  execution  of 
moderately  active  movements,  sometimes  travelling  over  the 
surface  as  a  hyaline  seam  of  greater  or  less  extent,  whilst 
sometimes  short  and  bluntly  conical  pseudopodia  arise.  The 
formation  of  such  pseudopodia,  however,  is  rare. 

Inside  the  body  are  the  food  particles  in  greater  or  less 
numbers,  the  nature  of  which  has  not  yet  been  made  out. 
Contractile  vacuoles  have  been  several  times  observed,  they 
were  numerous,  and  arose  upon  the  surface  of  the  body  in  a 
semicircle,  uniting  at  the  period  of  contraction.  " 

The  nucleus  is  usually  large  and  oval,  0*018 — 0*02  mm. 
in  diameter  in  a  moderately  large  specimen  (fig.  26,  a,  «). 
It  consists  of  a  very  large  thick  and  dark  case  which  is 
apparently  homogeneous  (fig.  26,  b,  h).  Within  this  case 
are  finely  granular,  reticulated  contents,  which  surround  a 
sheath  probably  filled  with  fluid.  Within  this  sheath  a  dark 
corpuscle  is  sometimes  seen,  and  round  it  is  a  delicate  mem- 
brane. It  is  remarkable  that  these  nuclei  often  appear  dis- 
tinctly pointed  at  one  end,  or  have  a  neck  or  knob-like 
prominence  (fig.  26  c),  a  peculiarity  which,  so  far  as  the 
author  knows,  has  not  yet  been  observed  in  any  other 
nucleus.  Occasionally  two  nuclei  are  found  in  a  single 
individual,  but  this  frequently  happens  in  other  AmoBbae. 
There  has  also  been  found  an  individual  with  four  round  nuclei 
of  the  same  size,  00086  mm.;  further,  one  with  eight  nuclei, 
0007 — 00086  mm.;  and  one  with  fourteen  nuclei,  0006 — 
00072  mm.  These  individuals  with  numerous  nuclei  are 
not  so  large  as  the  organisms  with  one  or  two  nuclei.  The 
smaller  nuclei  were  spherical,  as  is  the  case  with  the  smaller 
nuclei  in  Amceha  princeps.  Two  examples  were  found  with 
numerous  nuclei,  the  one  with  six,  the  other  with  nine,  in 
which  some  of  the  nuclei  departed  from  the  round  form.  In 
the  first  example  three  of  the  nuclei  were  irregularly  elon- 
gated, whilst  in  the  second,  seven  were  drawn  out  into 
spindles.  The  small  nuclei  differ  in  their  construction  from 
the  large  ones,  in  that  the  space  filled  with  fluid  is  in  the 
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^^^■kcT,  TBTj  Urge,  so  that  tlie  peculinr  contents  of  the  ] 
^^^^Bet  are  bounded  by  n  propurtiormlly  dclicale  sheath. 
^^^^«ii  these  moving  Aiiitebte  tolerably  large  cysts  are  fre- 
quroily  fouDc)  ;  they  undoubtedly  take  part  in  the  reproduc- 
tire  process  of  these  organisms.  The  cysts  (fig-  26  d)  are 
«lw»y»  quite  round,  with  a  tolerably  delicate  sheath  lying 
clooe  to  the  contents.  The  diameter  is  somewhat  variable, 
tunally  aborit  003— 0O4  mm.,  and  in  one  case  0  007  mm. 
The  protoplasmic  boily  contained  in  the  sheath  always  con- 
■itta  in  pnrt  of  IP  very  clear  and  quite  homogeneous  proto- 
pUnn,  and  in  part  of  a  very  finely  granular  protoplasm. 
loBide  the  cyst  a  number  of  nuclei  are  invariably  found, 
th»y  are  of  the  same  nature  as  the  smaller  nuclei  in  the 
ocdiaary  AtniEba  condition.  The  author  has  counted  11, 
1»,  and  occasionally  25  or  even  30  small  nuclei.  The  size  of 
ikoe  nuclei  varies  somewhat  in  one  and  the  same  cysl,  so  that 
the  measurements  taken  vary  between  O'OOS — 0008  mm. 
The  investigations  which  have  been  as  yet  madf  do  not 
afford  any  clear  evidence  of  the  relationship  of  the  single  to 
the  mulii -nucleated  condition. 


On  tie  UoBFHOLoMT  atid  Systematic  Position  of  He  Spos- 
GiD*.  By  F.  M.  Balfour,  M. A,,  Fellow  of  IVinity  College, 
Cunbridge. 

pBorOBOR  Scntri2E's'  last  memoir  on  the  development  of 
iRooa  Sponges,  confirms  and  enlarges  MctschiiikoS's'  earlier 
mtions,  aod  givps  us  at  last  a  fairly  complete  history  of  the 
riopBimt  of  one  form  of  Cnlcareous  Sponge.  The  facts  which 
t  txm  thus  establighed  have  suggested  to  me  a  view  of  the 
norpholafcy  and  systematic  position  of  the  Spongida,  soiuti 
difftrcnt  to  that  now  usunlly  entertained.  In  bringing  forward 
this  riew,  1  would  have  it  undi-ratood  that  it  docs  not  claim  to 
be  more  than  a  mere  sugjicstiou,  which  if  it  serves  no  other 
fanetioa  may,  tierhap^,  be  of  use  in  stimulating  research. 

To  reader  dear  what  I  have  to  say,  I  comineiiec  with  a  very 
bticf  pUtcment  of  the  fncts  which  may  be  considered  as  estnb- 
—""    J  with  rrfcrrace  to  the  development   of  S^candra  rapiantu 

"  UnUfWPhiirRrn  uSf r  d.  B»u  u.  d.  Eolwictelung  dcr  Spongicn,"  ■ 
M.  Zi»L.*  Bd.  xxxi,  1873. 

''Tar    EalwleWoiiKsgewlii elite  dcr  Ktlkwliwiinmic,"  'Zcil.  f, 
,'  UcUr,  1S74. 
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the  form  which  was  studied  by  both  Metschnikoff  and  Schalze. 
The  segmeatation  of  the  ovum,  tboagh  in  many  wajs  remark- 
able, is  of  no  importance  for  mj  present  purpose,  and  I  take  up 
the  development  at  the  close  of  the  segmentation,  while  the 
embryo  is  stiU  encapsuled  in  the  parental  tissues.  It  is  at  this 
stage  lens-shaped,  with  a  central  segmentation  cavitj.  An 
equatorial  plane  divides  it  into  two  parts,  which  have  equal  shares 
in  bounding  the  segmentation  cavity.  One  of  these  halves  is 
formed  of  about  thirty-two  large,  round,  granular  cells,  the  othn 
of  a  larger  number  of  ciliated  clear  columnar  cells.  While  the 
embryo  ia  still  encapsaled  a  partial  invagination  of  the  granolar 
cells  takes  place,  reducing  the  segmentation  cavity  to  a  mere  slit ; 
this  invagination  is,  however,  quite  temporary  and  unimportant, 
and  on  the  embryo  becoming  free,  which  shortly  takes  place,  no 
trace  of  it  is  visible;  but,  on  the  contrary,  the  segmentation  cavity 
becomes  larger,  and  the  granular  cells  project  very  much  more 
prominently  than  in  the  encapsuled  state. 


Two  free  stages  in  the  development  of  Sgcandra  raphanut  (copied  from 
Scbulie). 
A.  Ampliiblaatula  atap^e ;  B,  a  later  stage  after  the  ciliated  cells  have  com- 
menced to  became   mTaginstcd ;  c$.  segmentation  cavit;  ;  ee.  granular 
cells  which  will  form  the  ectoderm;  tn.  ciliated  cells  which  become  in- 
vaginated  to  form  the  entoderm. 

The  larva,  after  it  has  left  the  parental  tissues,  has  an  oval 
form  and  Is  transversely  divided  into  two  areas  {fig.  1,  a).  One  of 
these  areas  ia  formed  of  the  elongated,  clear,  ciliated  cells,  with  a 
small  amount  of  pigment  near  the  inner  ends  (_en),  and  the  other 
and  la^rarea  of  the  thirty-two  granular  cells  already  mentioned 
(«).    Fifteen  or  sixteen  of  these  are  arranged  as  a  special  ring  on 
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the  border  of  tb«  clear  cells.  In  the  centre  of  the  euibrj'o  is  a 
t^OKoUtioo  CBTJtj  (»)  nbich  ties  between  the  granular  and  the 
dnr  eclU,  bot  ia  DuinU  boonded  bj  ihe  vaulted  inner  surface  of 
liwhttcT.  This  »lage  is  known  as  the  amphiblastula  stage.  At'lrr 
lit  i«rv»  luu  for  some  time  eujoj'eil  a  free  exiateiice,  a  remiirkable 
lene  of  cbanges  takes  place,  whieh  rc.tullin  the  invagination  of 
ike  half  of  it  formed  of  Iht^  clear  celli*.  and  form  a  prelude  to  the 
pennancnt  allw:hiiie]it  of  Ihe  larva.  The  entire  process  of  invagi- 
Mtioa  is  completed  in  about  half  an  hour.  The  vhole  embryo 
finl  beeaoea  Battened,  but  especially  the  ciliated  half  which 
gndittllr  becomes  less  prominent  (fig.  1,  b),  and  still  later  the 
Btik  ODoposing  il  undergo  n  trae  process  of  invagination.  As  it 
mall  of  Ukis  invagination  t!ie  segmentation  cavity  ia  obliterated 
mi  titt  laiva  assumes  a  compressed  plano-convex  form  nith  a 
^Dtiml  gsatnila  cavity,  and  a  blastopore  in  the  middle  of  the 
itttened  surface.  The  two  layers  of  the  gastrula  may  now  be 
■pokm  of  aa  ectoderm  and  eJitoderm.  The  blastopore  becomes 
gndiuU/  narrowed  by  the  growth  over  it  of  the  outer  row  of 
Sranolsr  cells.     When  it  has  become  very  small  the  attachment 

tie  Urva  takes  place  by  the  flat  surface  where  the  blastopore 
lutod.  It  is  elfected  by  protoplasmic  proceEscs  of  the  outer 
■f  cctndprm  nWr,  which,  together  wiili  the  other  ectoderm 
no"-  tipcome  umurbuid.  At  the  same  time  tbey  become 
I          '  ;i  view  of  the  interior  of  the  gastrula.     Be- 

i'l-lU  and  the  entoderm  cells  which  line  the 
nri»es  ii  byuiine  alrucLureless  layer,  which 
,. .1  iiL-il  to  the  ectoderm  than  to  the  entoderm, 

I  iiioba,'ulj  derived  from  the  former.     A  view  of  the  gaslnila 
kfter  the  larva  has  become  Gxed  is  given  in  fig.  i. 
Fiu.  3. 

fiuti  Gulmin  tl^ve  nf  Syrandra  rankmia  (oopied  fiom  SclmlKo). 
n*  (ii;"'*  khuoi)  Itw  ftma'tH-iil  (Vilodenn  CtlU  (#e)  derirtd  Trom  the  gmniilat 
mU>  of  Ibn  urtici  nS^nf,  oriil   lb«  cnlumnar  enloilcrin  cella.  tiniag  the 

istnlla  witl.  diTiiTtU  (torn  tJiA  etlisted  orib  of  tfie  nrlicr  slaitr.  The    I 
_rT*  il  flied  ij  tbr  amiitbuiil  colla  on  tlie  side  on  wliicli  tlio  tiluKifKire    , 
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II  the  cilia  of  the  entoderm  cells 


After  invaginntioii  t 
be  geen,  and  are  probably  abaorbed,  ana  tlieir  disiippenrunce  ■ 
nearly  coincident  with  the  complete  oblilcralion  of  the  blasto- 
pore, an  event  which  takes  place  shortly  after  the  attachment  of 
the  larva.  After  the  formation  of  the  strnctDreless  layer  between  the 
ectoderm  and  entoderm,  calcareous  spicules  make  their  apppear- 
ance  in  it  as  delicate  unbranched  rods  pointed  at  both  extremitiea. 
The  larva  when  once  fixed  rapidly  grows  in  length  and  assumes 
a  cyhndrical  form  (fig.  3,  a).  The  sides  of  the  cylinder  are  beset 
with  colcareoua  spicules  which  project  beyond  the  surface,  and  in 
addition  to  the  unbranched  forms,  spicules  arc  developed  with  three 
and  four  rays  as  well  as  some  with  a  blunt  extremity  and  serrated 
edge.  The  extremity  of  the  cylinder  opposite  the  attached  sur- 
face  is  flattened,  and  though  surrounded  by  a  ring  of  four-rayed 
spicules  is  itself  free  from  them.  At  this  extremity  a  small  per- 
foration is  formed  leading  into  the  gastric  cavity  which  rapidly 
increases  in  size  and  forms  an  exhalent  osculum  (ot).  A  seriea  of 
iuhalent  apertures  are  also  formed  at  the  sides  of  the  cylinder. 
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IV  nlslhre  tiioes  of  appearance  of  the  single  osculum  and 
fduUcr  spertores  is  not  conatnnt  for  the  ditferent  larvee.  On 
(In!  ctntni  gaslrnU  cavity  of  the  sponge  becoming  placed  in 
rodiinanicatioD  vith  the  external  vater,  the  entoderm  cells  lining 
ii  heoome  ciliilcil  afrvsh  (fig,  3,  b,  ir«)  and  develop  the  peculiar 
folUc  cbn  net  eristic  of  the  entoderm  celU  of  the  Spongida. 
"^"^  h!»  singe  of  development  is  reached  we  have  a  fully  de- 
•ponge  of  the  type  made  known  by  Hieckel  as  Olyntbus. 
Jl  th«  complete  development  of  other  forms  of  Spongida  has 
I  vorkvd  out  it  is  not  possible  to  feel  sure  hotr  far  the  phe- 
m»  ob«ervftble  in  Sycaudra  hold  good  in  all  cases.  Quite 
tly  the  Russian  cmbryolo^ist,  M.  Ganin,'  has  given  an  ac- 
t,  without  illnstratians,  of  the  development  of  Sponi/illa  jlu- 
Jm,  which  does  not  nppenr  reconcilable  with  that  of  Sycandra. 
wdmng  (he  difiiculties  of  observation  it  appears  better  to 
Ebw  for  this  and  some  other  descriptions  that  the  observations 
[jn  error  rather  tlian  that  there  is  a  fundamental  want  of 
rmity  in  development  amongst  the  Spongida. 
t  first  point  in  the  development  of  Sycandra  which  deserves 
(  u  the  character  of  the  free  swimming  larva.  The  peculiar 
hnftl  foriDi  with  one  half  of  the  body  composed  of  amceboid 
gmniUr  oella,  and  the  other  of  clear  ciliated  cells  is  nearly  con- 
ttant  BiniinEr't  the  rulcispimgitc,  and  widely  distributed  in  a  some- 
«;,^'  '  "    '  'il.iiu   anmngat  the  Fibrospongia;  and  Myxo- 

ty  -  I'Tva  reluin  the  characters  of  an  ancestral 

t_>|.-  ■■!.  and    if  so  what  does   its  form   mean? 

I'l   :  _  .  ;i>'^*ible   that  it    has  no    ancestral   meaning 

b«t  Uaa  been  i4;i:<jndnrily  acquired ;  I  prefer  myself  to  think 
that  tliis  is  not  the  case,  more  especially  as  it  appears 
to  mp  thst  the  characters  of  the  larva  may  be  plausibly  ex- 
pin' .  ■  '  '  _'  it  as  a  transitional  form  between  the  Pro- 
(1 ,  According  to  this  view  the  larva  is  to  be 
I  ,                                   '   [if  Protozoa,  one   half  of  the  individuals 

«f  ' ijie  dilferentiated  into  nulrilive  forma,  and 

the  uthw  half  iutu  locomotor  and  respiratory  forms.  The  gra- 
nuiu  atuu-btiid  cells  represent  the  nutritive  forms,  and  the  ciliated 
frll*  rfpr'^^^rnt  thr  loromolor  ami  respiratory  forms.  That  the 
Tin.  '  '     *'r  iiuzoB  to  the  MctBKoa  may  have  been  effected 

\,\  III  isnot  improbable  on  fl /jWon  grounds, 

■  I  ,  "ith    the  condition   of  the  free  swimming 

■.hoLigh  nnotber  and  jierhajis  equally  plausible 
ft  \a  this  passage  has  been  put  forward  by  my  friend 
tkcftet.* 

g  d.  SpuDgilla  Ou'ialilia,"  '  Znologiachcr  Anici|{ei,' 

n  KaibryuliifJ  and  ClawtlcuLion."  Thti  JuurnnI,  Vol.  XVII, 
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While  the  above  view  seems  fairly  satisfactory  for  the  free 
swimming  stage  of  the  larval  Sponge  there  arises  in  the  subsequent 
development  a  difficulty  which  appears  at  first  sight  fatal  to  it. 
This  difficulty  is  the  invagination  of  the  ciliated  cells  instead  of 
the  granular  ones.  If  the  granular  cells  represent  the  nutritive 
individuals  of  the  colony^  they  and  not  the  ciliated  cells  ought 
most  certainly  to  give  rise  to  the  lining  of  the  gastrula  cavity , 
according  to  the  generally  accepted  views  of  the  morphology  of 
the  Spongida.  The  suggestion  which  I  would  venture  to  put 
forward  in  explanation  of  this  paradox  involves  a  completely 
new  view  of  tne  nature  and  functions  of  the  germinal  layers  of 
adult  Sponges. 

It  is  as  follows  : — When  the  free  swimming  ancestor  of  the 
Spongida  became  fixed^  the  ciliated  ceUs  by  which  its  move- 
ments used  to  be  effected  must  have  to  a  great  extent  become 
functionless.  At  the  same  time  the  amoeboid  nutritive  cells 
would  need  to  expose  as  large  a  surface  as  possible.  In  these 
two  considerations  there  may^  perhaps^  be  found  a  sufficient  expla- 
nation of  the  invagination  of  the  ciliated  cells^  and  the  growth 
of  the  amoeboid  cells  over  them.  Though  respiration  was,  no 
doubt,  mainly  effected  by  the  ciliated  cells,  it  is  improbable  that 
it  was  completely  localized  in  them,  but  the  continuation  of  their 
function  was  provided  for  by  the  formation  of  an  oscuium  and 

Eores.  The  ciliated  collared  cells  which  line  the  ciliated  cham- 
ers,  or  in  some,  cases  the  radial  t  ubes,  are  undoubtedly  derived 
from  the  invaginated  cells,  and  if  there  is  any  truth  in  the  above 
suggestion,  the  collared  cells  in  the  adult  Sponge  must  be  mainly 
res])iratory  and  not  digestive  in  function,  while  the  normal  epi- 
thelial cells  which  cover  the  surface  of  the  sponge,  and  in  most 
cases  line  the  greater  part  of  the  passages  through  its  substance, 
must  carry  on  the  digestion.^  If  the  reverse  is  the  case  the 
whole  theory  falls  to  the  ground.  It  has  not,  so  far  as  I  know, 
been  definitely  made  out  where  the  digestion  is  carried  on. 
Lieberkiilin  would  appear  to  hold  the  view  that  the  amoeboid 
lining  cells  of  the  passages  are  mainly  concerned  with  digestion, 
while  Carter  holds  that  digestion  is  carried  on  by  the  collared 
cells  of  the  ciliated  chambers. 

1877.  It  seems  not  impossible,  if  the  speculations  in  this  paper  have  any 
foundation  that  while  the  views  here  put  forward  as  to  the  passage  from  the 
Protozoon  to  the  Metazoon  condition  may  hold  true  for  the  Spongida,  some 
other  mode  of  passage  may  have  taken  place  in  the  case  of  the  other 
Metazoa. 

^  That  the  flat  cells  which  line  the  greater  part  of  tlie  passages  of  most 
Sponges  are  really  derived  from  ectodcrmic  invaginations  appears  to  me 
clearly  proved  by  Schulze's  and  Barrois*  observations  on  the  youn??  fixed 
stages  of  Halisarca.  Ganin  appears,  however,  to  maintain  a  contrary 
view  for  Spongilia. 
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If  it  is  «T«itaaUj  proved  hj  actual  experiments  on  the  nutri- 

I     Ma  of  Spoi^es,  that  digestion  is  carried  on  by  the  general  cells 

■^te[  Lhe  pasragefl,  and  nut  by  the  ciliaied  cells,  it  is  clear  tliat 

^^^^b  the   eciocierm  nor  entoderm  of  Sponges  will  correspond 

^^^^Bhe  similarly  nnmi'd   layers  in   ibt   Ctclenterata  and  the 

P^HEwm.    The  inva^nated  entoderm  will  be  the  respiratory  layer 

'     ttd  tie  ectoderm  the  digestiTo  and  Bensory  layer ;  the  sensory 

tmctioii  being  probably  mainly  localised  in  the  epithelium  on 

tlie  mfux,  and  the  digestive  oue  in  the  epithelium  linini;  the 

ntMi|:n       Sncb  a  fundamental  difference  in  the  germinal  layers 

MvwD  the  Spon^da  and  the  other  Metazon,  would  neceaaarily 

iimiire  the  creation  of  a  special  division  of  the  Metozoa  for  the 

of  the  former  group. 
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FuoMAATED  OhoaXIEKs  w  tAe  Blood  of  Healtht  Bsts.' 
By  TiKOTBY  RicBjUtDs  Lkwis,  M.B. 

It  will  be  recollected  that  it  is  one  of  the  fundamental 
taiEta  of  M.  Pasteur's  creed  that  neither  microscopic 
uij'mUim  nor  their  germs  are  ever  found  in  the  blood  of  an 
aninil  in  health.  Doubtless  our  conception  of  what  implies 
fotti  health  may  differ,  and  especially  bo  when  it  is  the 
balth  of  ui  animal,  and  not  of  a  person,  that  may  be  the 
Milnpcl  of  liebsle.  If  it  be  maintained  that  an  animal  affected 
VILA  citlicr  epipliytes  or  enlopbytcs,  with  epizoa  or  entozoa, 
is  not  in  the  enjoyment  of  full  health,  then  there  can  he 
but  few  perfectly  healthy  animals.  The  organs  of  some 
uttmsU  are  almost  never  absolutely  free  from  parasites.  It 
voakl  neTrrthpIc*!*  be  scarcely  justifiable  to  pronounce  such 
amtnftla  w  diM-ased  in  the  ordinary  sense. 

So  much  being  admitted,  it  is  scarcely  possible  that  this  por- 
tioD  o(  M.  Pasteur's  doctrine  can  be  correct.  For  some  years 
paat  I  have  taken  considerable  interest  in  this  matter,  and  my 
aUtntioo  witx  drawn  to  it  in  a  special  manner  in  May  last  year, 
by  n>y  having  been  directed  by  the  Ciovemment  to  make  inquiries 
rmrding  (h«  spinllnm  of  Itombay-fever.  Whilst  doing  this 
I  hacl  occasion  to  ciauiine  the  blood  of  a  considerable  number 
of  animals,  and  eventually  (July,  1877)  detected  organisms  in 

t  Tliu)  elajilM  fnnn>  a  pnrlinn  of  a  papt^ran'TheUieroscnpir  Organitms 
[ou&d  iu  llie  Blood  at  Man  and  Aninials."  wliicli  will  iliurtlj  bn  piiblisliril 
■a  th«  '  FaurlenBlh  Annual  Itvputl  of  llie  SsiiiiAry  OuiiimtBsUiiier  with  tlic 
ni>t«nMi«til  *f  India,'  AuolJivr  (.ortion  of  llii*  |iB[>er,  "Tlie  Nnmaluid 
Itawiatui'  ■  ■■(  Miti,"  will  njipriit  iu  lUa  oral  Dumber  uf  Ihi*  Journal. — Eit.    j 
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the  blood  of  a  rat  which,  at  fifst  sipht,  1  took  to  be  t  _ 
nature  either  of  vibrions  or  spirilla.  The  blood  when  Iransfer 
to  the  microscope  appeared  to  quiver  wilh  life,  but  for  some  con- 
siderable time  nothing  could  be  detected  to  accouut  for  this 
animated  condition,  as  the  blood -corpuscles  were  somewhat 
closely  packed.  On  diluting  the  blood  with  a  hfltf  per  cent, 
solution  of  salt,  motile  filaments  could  be  seen  rushing  through 
the  serum,  and  tossing  the  blood -corpuscles  about  in  all  direc- 
tions. Their  movetnents  were  of  a  more  nndulatory  character 
than  are  the  movements  of  spirilla,  and  the  filaments  were 
thicker,  more  of  a  vihriooic  aspect.  They  were  pale,  translu- 
cent beings,  without  any  trace  of  visible  stracture  or  granularity ; 
but,  as  their  movements  were  ao  rapid,  exact  information  as  to 
their  microscopical  characters  could  not  be  ascertained  at  the 
time.  The  slides  were  therefore  placed  under  a  bell-glass  until 
these  should  diminish. 

On  the  following  morning  the  activity  of  the  filaments  was 
mnch  less.  Their  movements  were  more  restricted  and  more 
undulatory  in  character,  and  the  blood-corpuscles,  having  be- 
come somenbat  agglutinated,  had  apparently  squeezed  out  the 
organisms,  so  that  the  latter  occupied  the  serum-areas  of  the 
preparationa.  After  watching  their  movements  for  some  time 
under  a  Hartnacb's  No.  9  inamersion  objective,  it  was  observed 
that  every  now  and  then  blood -corpuscles,  some  considerable  dis* 
tance  from  any  visible  motile  filament  would  suddenly  {juiver.  Oo 
carefully  arranging  the  light  it  was  eventually  observed  that  this 
movement  was  due  to  the  existence  of  a  very  lung  and  exceed- 
ingly fine  flagellum,  apparently  a  posterior  fliigclJum,  as  the 
organisms  seemed,  generally,  to  move  with  the  thicker  end 
forwards — the  flagellum  beiog  seen  following  it,  and  lashing  the 
fluid  during  the  moment  it  remained  in  focus.  [  have  not  been 
able  to  detect  any  flagellum  at  the  opposite  cud.  The  greater 
number  of  the  figures  reproduced  in  the  woodcut  represent 
these  organisms  as  they  are  observed  a  few  hours  afler  the 
blood  has  been  obtained,  when  their  movemonts  are  not  so 
rapid,  and  the  flagellum  becomes  recognisable.  I'hoy  may  tsome- 
times  be  kept  alive  for  two  or  three  days,  but  generally  the 
greater  portion  will  have  died  within  twelve  or  twenty-four  hours  ; 
and  not  only  have  died,  but  also  disappeared  from  view. 

When  very  carefully  watched,  the  plasma  constituting  the 
thicker  portion  of  their  substance  may  be  seen  suddenly  to  swell 
out  at  certain  places — sometimes  so  as  to  divide  the  "  body  "  into 
two  parts,  afi  shown  in  the  middle  figure ;  at  other  times  two  or 
three  such  constrictions  and  dilntations  may  be  detected,  the  dtla- 
tations  being,  possibly,  observable  only  on  one  side.  At  other 
times  they  assume  an   arrow-shaped  aspect,  as  shown   in  1 
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bral  figure.  Occasionally  sooiething  like  granularity  may  be 
obtervcd  before  tbeir  disappearance,  but  not  a  trace  of  them  is 
lA  after  iheir  disintegration.  It  seems  as  ttioug)i  they  had 
bem  ilissi^Tcd  iu  the  serum  iu  whicli  they  were  fuuiid. 


Ilhted  ocganUnii  in  tbe  hload  of  healtlif  rats.    A  few  red  blond-c 
■udea  Md  one  while  corpuscle  nre  included  in  the  G^re.     Magoilled 
T00  4ia«i  ' 


Tbcf  uajr  readily  be  preserved  by  spreadmg  out  a  thin  layer  of 
'  ■  blood  containing  them  over  a  thin  covering-glass  and  iuvert- 
Xit  orof  a  weak  solution  of  osmic  acid.  The  preparation 
lid  be  removed  as  soon  as  it  presents  a  dry,  glazed  appear- 
1^  ami  may  be  thus  mounted  in  the  dried  condition  or  in  a 
nted  aolution  of  acetate  of  potash.  I  have,  hovevcr,  never 
been  able  to  detect  the  fiagellum  in  sucb  a  preparation ;  appa- 
KsUjF  tbe  refractive  index  of  the  substance  forming  the  flagellum 
and  that  of  Uie  serum  approximates  so  closely  that  the  last  can 
only  be  detected  when  creating  a  current  by  its  movements. 
Tbe  "  body  ''  remains  nearly  as  translucent  after  the  action  of  the 
oanic  add  fames  as  it  was  in  the  living  condition,  so  that  the 
praenae  of  tbe  protozoa  in  auch  a  preparation  may  readily  be 
ovtriookcd,  owing  to  the  absence  of  any  movements  to  direct 
attentMw  to  ibem. 

Wben,  howerer,  a  preparation  of  blood  of  this  kind  is  dried  in 
Ibc  maimer  ordinarily  suggested  for  preserving  specimens  of  blood, 
and  eiptciallr  if  a  little  of  a  weak  solution  of  aniline  blue  be  after- 
wards poured  over  the  dried  slide,  the  body  of  the  protozoon 
will  piesent  a  very  different  appearance.  It  will  be  found  to 
hare  oodttacted  irrcgularlyi  and  to  manifest  a  somewhat  granular 
aod  iMrtJtfy  appearance,  suggestive  of  a  coagulated,  Qbro-atbu- 
ntaooa  tubitance.  Tbe  "body"  portion  becomes  flattened 
towards  ita  middle  to  double  its  ongioal  width,  and  both  ends 
bEOinie  almost  acutely  pniuted.  The  flagellum  part  is  only 
nnble  for  about  half  its  true  length,  and  this  uortinn  of  it 
hnn  to  ciiDiist  of  the  eame  subslance  as  tbe  bony,  I'ossibly 
t  now    iliviviblo   jturtjon  uf  the   ilugcllum    may   cuiisist  of  a 
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sabstance  slightly  different  from  that  of  the  body ;  or  may  have 
been  retracted  during  the  drying.  I  have  prepared  micro- 
pbotographs  of  slides  prepared  in  both  ways^^  hoping  that  possibly 
an  image  of  the  entire  lash  might  thas  be  obtained,  even 
though  the  eye  could  not  distinguish  any^  but  have  not  suc- 
ceeded^ notwithsUnding  that  the  rays  of  light  were  caused 
to  pass  through  glass  of  various  colours.  The  logwood  solu- 
tion recommended  by  Koch  for  this  purpose  also  failed  in  my 
hands. 

It  is  not  possible  to  secure  accurate  measurements  of  these 
organisms  during  the  period  of  inactivity,  nor  of  the  lash  at  any 
time,  seeing  that  the  latter  becomes  for  the  most  part  invisible 
in  preserved  preparations.  The  body-portion,  however,  may 
readily  be  measured  after  they  have  been  kilted  by  means  of  osmic 
acid.  The  width  of  the  anterior  half,  or  body-porlion,  averages 
*8  to  Iju,  or  precisely  that  of  ordinary  blood-bacilli,  and  its 
length  from  20  to  30^,  or  an  average  of  25ju.  Ihe  flagellum,  so 
much  of  it  as  is  visible,  is  somewhat  of  the  same  length,  so  that 
the  total  length  of  the  organism  equals  about  50ju,  or  about  ^i^'^ 
The  lash,  however,  may  be  considerably  longer  than  this,  as  the 
slope  from  the  body-portion  is  very  gradual,  and  when  the  eye 
follows  it  to  the  bounds  of  visibility  an  impression  is  conveyed 
that  there  may  be  still  more  of  it,  beyond  the  power  of  either 
Boss'  -fV"  or  Powell  and  Lealand's  ^"  to  reveal. 

They  are  not  very  sensitive  to  the  action  of  reagents  ;  a  weak 
solution  of  ammonia  did  not  affect  them  for  some  time,  but  a 
stronger  solution  of  potash  affected  such  of  them  as  it  came  into 
contact  with  at  once :  others  in  the  middle  of  the  field  continued  to 
exhibit  movements  for  several  hours;  probably  they  had  not 
been  touched  by  the  potash.  A  weak  solution  of  bichloride  of 
mercury  in  acetate  of  potash  and  camphor  water  (as  used  for 
preserving  preparations)  did  not  seem  to  affect  them  materially, 
seeing  that  they  maintained  their  activity  in  such  a  solution  for 
eight  hours.  They  retain  their  vitality  longer  in  a  weak  salt- 
solution  than  in  pure  distilled  water.  A  cover-glass  with  an 
aqueous  solution  containing  them  was  inverted  over  a  bottle  of 
chloroform  for  several  minutes,  but  the  movements  of  the 
organisms  were  unaffected ;  if,  however,  a  drop  of  blood  contain- 
ing them  be  similarly  placed  over  chloroform  they  disappear, 
probably  owing  to  the  action  of  the  chloroform- vapour  on  the 
blood  itself. 

A  drop  of  the  blood  was  placed  on  a  slide  arranged  for  the 

*  Two  such  illustrations  have  been  reproduced  by  the  permanent  pho- 
tographic process  of  tlie  Autotype  Company,  and  will  be  issued  with  the 
complete  paper  in  the  Government  of  India  Sanitary  Report  already 
referred  to. 
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:{i^bcatiou  of  dictricilj  to  microscopic  preparotioDs,  and  it 
111  found  that  sa  iotr.rrupted  current  of  such  a  slrengtlj  as  could 
^^^be  cnmfortabtv  borne  \iy  an  iiidiTidtiQl  wns  tolerated  by  these 
^^^■^  for  Kvenu  cooaecutive  hours.  The  only  ditlereuce 
^^^Ktdable  between  a  preparHlioii  thus  dealt  with  and  one  not  so 
^^Hlkd  was,  thxt  the  movements  ceased  a  few  hours  sooner  in  the 
I^Hnier  than  in  the  latter,  pos^ibljr  owing  lo  llie  chemical  change. 
adiMxJ  iu  the  blood  itself  by  tlie  current. 

1  have  esaininrd  the  btood  uf  a  great  number  of  rats  for  the 
pnpOM  of  vcertaining  what  proportion  of  them  couiuins  these 
ivj;uu9iDB  in  thrJr  blood,  and  hnd  that  of  those  specially  ex- 
unwd  for  this  purpose  their  existi^nce  whs  demonislrated  in  S9 
percoit.  SomHimts,  however,  the  number  di-tectid  were  veiy 
k*.  not  wore  tJian  one  or  two  in  a  slide,  but  in  the  greater 
Biinber  of  esses  they  were  very  numerouf,  every  slidu  contuiuing 
wrenl  blind  rrds. 

Being  anxious  to  ascprtain  precisely  the  species  of  rats  in 
■hich  thac  organismK  were  found,  I  consulted  an  accomphshed 
satnnliai,  Dr.  John  Anderson,  Superintendent  of  the  Indian 
Moaeuni,  and  he  was  so  good  as  to  identify  the  ipedmens  for  me 
frniB  tinuc  tu  time.  The  result  has  been  that  it  has  been  defi- 
■ately.weertained  that  these  orgnni»ms  mny  be  found  in  two 
fteu»,  viz.  Mm  deeumanu*  and  Mug  ru/'escens. 
It  sould  appear  that  Ihey  are  not  found  iu  mice.  I  have 
il  the  blood  of  a  large  nnmber,  but  never  detected  an; 
»  of  the  kind;  nor  have  1  seen  them  in  any  animals  other 

;  that  these    minute   organisms    ought   to  have 
I  dcMTibed  in  the  part  of  this  paper  devoted  to  the  description 
ijte»,  as  they    present    many   features   in   common 
urganiams    undoubtedly    of    vegetable  origin  :  on 
d,  taken  as  a  whole  they  appear  to  approach    more 
p forms  uf  life  usually  classitied  as  Protozoa;  such, 
,  as  veveral    of  the  species   of  Dujardin's   genua 
It  should,  however,  be  noted  that  many  believe 
that  tliue  organisms  are  zoospores  and  not  animalcules. 
vTbc  nearest  approach  to  a  description  uf    tliese  htcmatoKOB 
'|h  I  ran  find  in  in  a  recent  paper  by  Uiilschli,'  in  which 
■fffi  Id  a  fbgi-llaled  parasite  wtiicb  be  has  often  observed 
K  intestinal  canal  of  a  free  nematode  (TrUnlitm  ffritcilla). 
rtmua  from  Riving  it  a  name,  owing  to  the   uncertainty 
I    tiiata    with  regard   to    organisms   of  this    kind.      He 
jmliy  found  Ifacm  ^n  large  numbers,  often  forming  stf  llnte 
pr»  owing  to  their  being  attached  by  their  nnn-llagellated 
Tliay  readdy  became  detached,  and  then  preseiiteii  a  some- 
■e  fin  BD^  ri»te  VI.  fij.  6,  of  llit  prracot  numlrerof  lliis  Journ»l, 
-sjtw  anK^  It 
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what  spindle-shaped  body,  about  ll/uin  lengthy  and  with  a  some- 
what thick  flagellum  about  double  this  length,  so  that  the  total 
length  of  the  protozoon  would  be  SS/i,  something  more  than  half 
the  length  of  the  flagellated  organism  found  in  the  rat^s  blood. 
Near  the  base  of  the  flagellum  of  Biitschli's  protozoon  a  con- 
tractile vacuole  could  be  distinguished,  but  I  have  not  been  able 
to  detect  any  such  vacuole  in  these  rat-haematozoa. 

Seeing  that  the  blood  of  such  a  large  proportion  of  rats  con- 
tains these  organisms,  I  can  hardly  suppose  that  their  existence 
has  hitherto  escaped  notice,  unless  it  be  that  rats  in  Europe  do 
uot  harbour  like  parasites.  Davaine,^  in  the  recent  edition  of 
his  work,  makes  mention  that  M.  Chaussat  had  found  minute  ne- 
matodes in  the  blood  of  a  black  rat  (3fus  raltus),  but  I  have  not 
seen  any  nematode  in  the  blood  of  rats  in  this  country.  In  the 
tissues,  bladder,  &c.,  of  rats  such  parasites  are  very  common, 
but  their  description  does  not  come  within  the  province  of  this 
paper. 

The  nearest  approach  to  the  fl»gellated  hsematozoa  of  rats 
which  I  have  seen  described  is  to  be  found  in  a  foot-note  in 
Dr.  Bastian's  '  Beginnings  of  Life,'  ^  where  it  is  stated  that 
Dr.  Gros  had  seen  minute  worms  {vermicules)  in  the  blood  of  a 
field-mouse  (mulct)  which  were  so  numerous  as  to  cause  the 
blood  to  present  an  animated  appearance ;  and  that  the  blood 
of  the  mole  was  often  found  to  be  in  a  similar  condition.  They 
were  so  small  as  to  be  barely  visible  under  a  power  magnifying 
400  diameters.  I  have  not  been  able  to  obtain  any  minute 
description  of  these  vermicules,  but  I  anticipate  that  it  will  be 
found  that  they  closely  resemble  the  flagellated  protozoa  found 
in  the  blood  of  Indian  rats. 

With  regard  to  the  health  of  the  rats  in  which  these  flagel- 
lated organisms  were  detected,  there  was  nothing  to  suggest  in 
any  way  that  they  were  less  healthy  than  others  not  so  affected, 
and  I  have  repeatedly  kept  rats  for  a  considerable  time  for  the 
purpose  of  observing  whether  any  special  symptoms  would  be 
manifested  suggestive  of  the  existence  of  such  organisms  in  the 
circulation.  It  should  be  mentioned  that  it  frequently  happened 
that  the  rats  caught  in  a  particular  room  would  be  affected, 
whereas  the  blood  of  rats  in  another  part  of  the  building  would 
not  contain  them.  The  servants  had  ultimately  come  to  recog- 
nize this,  as,  whenever  they  learnt  that  a  particular  rat's  blood 
contained  the  desired  organisms,  they  diligently  endeavoured  to 
secure  the  rest  of  the  family. 

Calcutta,  August,  1878. 

»  *Tralte  dcs  Entozoaires,'  Edit,  ii,  pp.  11,  957;  1877.  Leuckart's 
*  Parasitcii/  vol.  ii,  p.  636.  «  yy),  jj^  p,  33.^ .   1372, 
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ObHmtioiu  oa  the  Capitellidse  by  Sr,  Hngo  Eisig.— A 
julisr  orgau  coiiiiecieil  with  llie  alirneiilitry  Iriict  uf  ihf. 
tmteWiiim  has  rcceuily  been  described  by  Dr.  Hii^ro  Eisig, 
ibe  title  Nebeudnrm  ("Nebemlarm  tl.  Cii|jitellidBe," 
pologix^her  AnKeiger,*  No.  7,  1878).  This  or^jan, 
'  'i  has  been  met  with  in  all  tlie  niHin  faiiiilirs  of  the 
^tellitls,  conaists  of  n  nimow  lube  on  the  neurtil  side  of 
V  ilimvdiarT  tract  into  which  it  npens  in  front  and  pro- 
Uy  also  behind.  The  anterior  opening  is  sitnaled  close 
tbe  posturiuT  boundary  of  llie  atsophagus.  Tbe  position  of 
I  poDU^nnr  opening  vaiiee  somi-what,  and  its  existence  has 
li  Dren  «>  clearly  esliiblisbed  as  that  of  the  anterior  open- 
ing. The  chief  interest  connected  with  this  organ  is  the 
cuupari&itn  Dr.  Eisii^  has  made  on  the  one  hand  between  it 
Bodati  rmlirvonic  organ  found  in  the  Ichlhyopsidn,  and  nameil 

Ibaotorbutdal  rod,  and  on  the  other  with  the  siphon  of  the 
^iuoiil  aliiueninry  tract.  The  subiiotucbordul  rod  is  prinii- 
rejj  ■  mnal  split  off  from  the  neural  side  of  the  alimentary 
kt  for  tiie  greater  part  of  its  length,  which  soon  becomes 
ftd,aiido<-ciipies  a  pooitionCaccording  to  Dr.Dohrn'B  view  of 
Irelxtionsliip  between  Annelida  and  Vertebrata)  very  eimi- 
Rothat  pf  iheNeltendarmof  the  Capitellidae.  The  siphon  of 
r£ch)ni>idfi  resembles  the  Ncbendann  in  commnnicaling  at 
tioth  cxtTifmities  witli  the  alitneiilary  tract.  Dr.  Eisig  mentions 
thai  Si»eni;el  lias  recently  detected  iuBonelliii  an  organ  similar 
li)  the  Nid'rnd:irm  in  its  connections.  The  homologies  sug- 
f^r-ftcd  by  Dr.  Ki»ig  f<ir  the  peculiar  organ  he  has  discovered 
•te  cvtlainly  pUitsible,  but  can  hardly  claim  to  be  satisfac- 
torily  wiablislied. 

Tic  »egitn'nt»l  organs  of  the  CapiicllidK  have  nlso  been 
■  tudtedhy  Ut.Hi'ig  ('Miiti)i'ilutigen  a.  d.Zuologiscben  Station 
zu  Nei«pel  .  Hd.  1,  Mrfi  I),  and  thecotictu>iiunB  hehaiHTrived  i 
nme  ini>'Tt<>>t  in  reUlion   to  the  possible  hnmology   '. 
I  Air  vi-ilehrate  segmental    tubes  and  llii-  segniciilut 
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orc^ans  of  the  Annelida.  It  is  generally  stated  that  in  no 
case  is  there  more  than  one  pair  of  segmental  organs  in  each 
annelidan  segment^  although  the  coexistence  of  segroe^ital 
organs  and  generative  ducts  in  the  same  segment  in  the  Terri- 
coins  Oligocheeta  led  Professor  Lankester  to  regard  two  as 
the  typical  number  of  pairs  for  each  segment.  Dr.  Eisig  has 
now  shown  that  in  Notomastus  more  than  one  pair  of 
segmental  organs  is  frequently  present  in  a  segment^  and 
that  in  Capitella  capitata  a  plurality  of  these  organs  in  each 
segment  is  the  rule. 

Moreover,  in  Capitella  the  number  in  each  segment  in- 
creases from  before  backwards.  In  adult  Amphibia  there  are 
usually  several  segmental  tubes  in  each  segment,  and  the 
actual  number  in  each  segment  also  increases  from  before 
backwards.  This  fact  has  been  used  as  an  argument  against 
the  comparison  of  the  segmental  organs  in  Vertebrata  and 
Annelida ;  but  Dr.  Eisig's  observations  prove  that  on  this  point 
at  any  rate  there  is  no  important  difference  between  the 
organs  in  the  two  types. — F.  M.  B. 

Bacteria  as  the  Cause  of  the  Ropy  Change  of  Beet-root  Sugar. 

— The  so-called  "Frog-spawn ''of  sugar  manufacturers  is  a  gela- 
tinous formation,  the  origin  of  which  has  hitherto  been  explained 
in  various  ways.  Professor  Cienkowski  has  recently  published 
at  Charkow  a  memoir,  in  which  he  describes  and  figures  a  Bac- 
terium as  the  cause  of  the  remarkable  and  economically  important 
phenomena  connected  with  this  alteration  of  sugar.  According 
to  Scheibler,  the  "  Frog-spawn  '^  is  the  protoplasm  of  the  cells  of 
the  sugar-beet;  according  to  Jubert  and  Mendes,  this  gummy 
substance  is  an  aggregate  of  various  organised  ferments.  Durin 
ascribes  the  "Frog-spawn"  to  a  peculiar  fermentation,  due  to  the 
action  of  diastase  on  crystalline  sugar,  whereby  the  latter  is 
broken  up  into  cellulose  (the  spawn)  and  glucose. 

Cienkowski's  researches,  carried  on  both  in  a  sugar  factory  and 
by  means  of  culture  experiments,  prove  that  the  view  put 
forward  by  Jubert  and  Mendes  is  essentially  the  correct  one;  the 
"  Frog- spawn ''  is  in  reality  a  product  of  the  vital  activity  of 
Bacteria ;  it  is  to  these  organisms,  and  not  to  diastase,  that  we 
must  ascribe  the  decomposition  of  the  crystalline  sugar  discovered 
by  Durin. 

The  jelly  of  the  "  Frog-spawn ''  shows  in  its  structure  and 
development  the  closest  resemblance  to  the  Ascococcus  Billrothii 
of  Cohn  (see  this  Journal,  vol.  XVI,  p.  264,  and  Plate  XX,  fig. 
1,  for  Cohn's  description  and  figure  of  Ascococcus  Billrpthii),  It 
is,  perhaps,  only  a  variety  of  that  species,  and  in  any  case  belongs 
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Renos  of  Scbizopbyta,  and  ma^  be  tiamcO  "A. 
mtgroidft." 

c  identical  in  eirpry  respect  with  the  "  Frog-spawn" 
r  factories  arises  spoiittiiieousl^  on  tiices  of  cooked  beet- 
idh  arc  kept  moist  with  fne  arcfss  of  air;  sucli  culture 
tsnwB*  differ  from  those  of  the  factories  only  iu  their  euiallcr 
fOe  and  less  drnsily  of  the  jelly.  The  jelly-balls  of  the  "  Frog- 
^jwro"  conaiit  of  accuiniitittiuMs  of  jelly' manses  or  units,  the 
*o-oa]lti]  "  Gallertkeme."  These  unit;)  are  naked,  without  enve- 
Ippe;  tbey  are  closely  adpressed  one  to  another,  or  are  attached 
to  one  another  ia  rows  so  as  to  form  hotryoidal  loose  or  compact 

Mt-bkr  mtsscs.  By  tombination  of  such  units  sjiherical  or 
Hularly-shaped  lumps  are  produced,  which  again  become  cnm- 
Bed  iiilo  larger  mai^^s.  The  jelly  of  the  ultimate  spheroids 
!■  varying  conai^ence — hHrd,  ehistic,  sharply  delined,  or  t<emi- 
B,  with  conlluciit  outlines.  It  is  soluble  iu  onceutrated 
mm^f:  hydrate  and  in  sulphuric  acid;  accordiag  to  Durin,  aUo 
to  unaiciiiio-cupric  hydrate.  Cienkowski  failed  to  obtain  this 
'  .0,  and  only  saw  a  faint  blue  coloration  as  the  result  of 
I  nrosrut.  Iodine  with  strong  sulphuric  acid  produces  no 
bgc  Ui  the  jelly. 

Bie  iixini  important  part  of  the  ultimate  spheroids  are  the 
Ut-m  of  the  jelly — namely,  the  Bacteria  embedded  in  it.  In 
hg  examples  they  are  present  without  exception;  in  older 
|p9  difficult  to  detect.  They  exhibit  the  most  varied  forms, 
lei  arc  cAmmonly  known  as  Micrococcns,  Tornia,  Baclerium- 
nna,  Bjctliua,  and  Vibrio.  The  common  Bacteria  pass  into  the 
Of{kea  cuodttion,  developing  from  colourless  Leptuthrix-hke 
nwnt«  {see  this  Jouninl,  October,  IS7S)  by  a  prueess  of 
fan-ersc  subdivision  and  by  the  production  of  jelly  around 
u  tmlirt  Ji/amenU  and  the  pieces  into  which  they  subdivide, 
§*e  Gad  [hat  the  developmental  history  of  the  "Prog-spawn" 
fenihr.  Here  too,  as  furerunnirs  of  the  gelatiuous  growth, 
■sd  colonrlesa  filament*,  "hich  are  often  serpentine  in  form- 
■  lerlatinizalion  of  the  A^cococcus-bnilders  is  enf^y  to  follow, 
kifcliy  whrn  they  arc  growing  on  very  aiiniy  substrata.  But 
fc"  Frog-f [lawn"  will  iilao  originate  directly  around  isololid 
kvia.  Such  grlatinoua  ultimate  spheroids,  formed  indepeu- 
■ly  of  onir  another  come  into  contact  with  one  another  by 
Pb>r  i^T'i»iIl,  .iilInTe  together  and  form  miniature  examples  of 
I  ,  ■     The  nearly  allied  A.  BiliroihH  develops 

cl  •>»  cnoked  and  uncooked  beet  root.      The 

li  -  (lie  Bacteria  is  in  this  case  nut  so  copious, 

i  ...^ ^. .,;,  ihan  in  the  former  species.     In  cultures  kept    i 

it  drj   A.  Jiiiirtiliii  attains  an  enormous  siKc ;  it  is  easily    { 
He  vith  ihe  nak<d  eye.     It  forma  brown  or  greenish  heaps   I 
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composed  of  numerous  upgrowths;  such  examples  differ  in  many 
respects  from  the  forms  described  by  Cohn  and  Billroth.  The 
ultimate  morphological  elements  into  which  they  can  be  divided 
are,  as  in  the  former  species,  gelatinous  spheroids  with  enclosed 
Bacteria. 

All  the  properties  of  the  "  Frog-spawn/'  and  nearly  all  the 
phenomena  which  accompany  its  formation,  are  in  harmony  with 
the  supposition  that  these  jelly-masses  of  the  sugar  factories  are 
produced  by  Bacteria.  Only  in  the  extraordinary  rapidity  of 
their  production  (half  an  hour  according  to  Feltz),  do  we  come 
upon  a  diflSculty,  the  explanation  of  which  can  only  be  looked 
for  when  we  have  a  fuller  knowledge  of  the  developmental  history 
of  Bacteria.  As  a  starting-point  for  further  researches  in  this 
direction  the  following  facts  are  of  value  : 

(1)  That  in  very  viscid  saccharine  solutions  all  the  Bacteria, 
without  forming  individualised  Zoogloea-masses,  are  embedded  in 
a  common  gelatinous  substance  which  is  coagulated  by  alcohol. 
(2)  The  capability  possessed  by  the  Bacteria  of  forming  bulls  of 
this  substance  around  themselves.  C*i)  That  a  mechanical 
movement  of  the  nutrient  fluid  appears  to  act  favorably  on  the 
formation  of  the  ball  like  masses.  A  very  viscid  decoction  of 
beet  takes,  as  Cienkowski  says  he  has  often  seen,  a  marked 
gelatinous  consistence  almost  immediately  when  agitated.  The 
mechanical  movement  of  the  beet-juice  during  the  process  of 
squeezing  it  out  of  the  roots,  will  probably  enough  prove  in  this 
way  to  be  one  of  the  essential  conditions  of  the  rapid  formation 
of  "  Frog-spawn/' 

Cienkowski's  observations  show  then,  that  the  "Frog-spawn"  of 
the  sugar-factories  is  no  peculiar  isolated  phenomenon,  but  with- 
out any  diiliculty  can  be  assigned  a  place  in  the  category  of  the 
processes  of  jelly-formal  ion  so  widely  spread  among  the  Alga^. 
— E.  Ray  LANKESXi^R. 

Stein's  *Organismus  der  Infusionsthiere/ — Tiie  first  volume 
of  the  third  part  of  this  great  work  has  just  appeared,  consisting 
of  150  pages  of  letterpress  and  24  folio  plates.  The  thirl 
part  is  devoted  to  the  Flagellata,  and  in  the  present  volume  Me 
have  an  exhaustive  history   of    the    discoveries  and  writings  of 

Sircvious  observers,  from  Ehrenberg  to  Carter,  Busk,  Williamson, 
licks,  and  James-Clarke.  The  plates  are  accompanied  by  full 
explatiations  ;  the  systematic  description  of  genera  and  species 
will  follow.  Forms  allied  to  those  described  in  Professor 
Biitschli's  paper,  an  abridged  translation  of  which  appears  in  the 
present  number  of  this  Journal,  are  figured  in  profusion.  A 
most  remarkable  form  is  the  Rhipidorlendron  splendidum,  a  tube- 
making  Flagellate,  the  tubes  of  which  are  aggregated  in  dense 
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Atbi'llifonn  msMcs.  The  genera  Yolvox,  PaQdorina,  Chlamjdo- 
coecna,  &c.j  ms  well  at  Euglena  and  Phacu8,  are  incladed  by  the 
iQthor  amoDg  the  animal  Flagellata,  and  are  copiously  illustrated. 
The  antberozooida  of  Volvox  are  regarded  merely  as  a  smaller 
((eneration  of  Flagellate  individuals.  The  Bitter  von  Stein 
Rgarda  this  as  probably  the  most  interesting  and  important 
lection  of  his  grtai  work>  and  all  will  agree  that  its  appearance 
is  moat  opportune* 
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Dublin  Micboscopical  Club. 

llth  ApHl,  1878. 

Peronospora  infestans  ravages,  exhibited. — Dr.  Moore  showed 
Bome  of  the  leaf- tissue  of  the  potato  permeated  by  the  Perono- 
spora-pest,  in  order  to  point  out  the  manner  in  which  it  became 
thereby  disintegrated  and  killed. 

Dinophysis  norvegica,  from  Melyille  Bay,  was  exhibited  by  Dr. 
MoKS,  R.N. 

Biddulphia  Chinensis,  from  Teddo  Sea,  exhibited. — "Bey.  E. 
O'Meara  exhibited  some  specimens  of  Biddulphia  GhinenM, 
Grev.,  collected  by  Mr.  Moseley,  H.M.S.  "  Challenger,"  from  the 
surface  of  the  Teddow  Sea,  near  Yokohama.  This  in  all  essen- 
tial points  agreed  with  Qreville's  fi&:ure  of  the  examples  gathered 
in  the  harbour  of  Hong-Kong,  but  in  some  minor  details  a  differ- 
ence was  noticeable.  In  the  figure  referred  to  the  surface  of  the 
valve  seen  in  front  view  is  represented  as  hollowed  in  the  middle, 
whereas  in  the  specimeus  exhibited  the  boundary  line  is  gene- 
rally straight,  and  in  some  cases  showed  a  slight  elevation  in  the 
middle.  Moreover,  the  processes  are  more  robust  and  longer 
than  they  are  represented  in  Greville's  figure  of  the  species. 

^ew  Closterium  from  New  Jersey.  — M^r.  Archer  showed  ex- 
amples of  a  Closterium  found  amongst  some  Desmidian  forms  in 
an  old  gathering  l}ing  in  the  Herbarium  of  Trinity  College, 
Dublin,  and  made  at  New  Jersey,  America,  kindly  given  to  Mr. 
Archer  by  Professor  E.  Per(  cval  Wright.  On  the  slide,  at  fir»*t 
glance  seemingly  a  j)Oor  one,  there  were  to  be  detected  no  less 
than  forty-three  species.  The  Closterium  in  question  is  a  very 
robust  form,  considerably  curved  and  very  strongly  striated ;  the 
striae  very  few.  It  most  approached  Closterium  costatum,  common 
in  this  country.  Singularly  enough,  a  single  example  from  New 
Jersey  of  that  species  was  opportunely  on  the  slide,  quite  agree- 
ing with  the  British  and  the  Irish  form,  of  which  he  likewise 
showed  a  Scotch  specimen ;  and  Mr.  Archer  took  the  opportunity 
to  contrast  it  with  the  new  species.  This  has  more  of  the  size 
and  a  good  deal  of  the  curvature,  without  the  median  inflation  of 
Closterium  monillfcrum ;  its  striae  are  much  coarser  than  those  of 
Closterium  costatum.  Very  opportunely,  too,  there  occurred  a 
Zygospore  of  the  new  species  on  the  slide;  it  is  large,  sub- 
orbicular,  thick-walled,  and  smooth,  seemingly  not  remaining  at 
all  attached  to  the  empty  parent-cells.  This  species  Mr.  Archer 
would  designate  as  CI.  amasses friatum. 
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^^^■hrtioa  «f  Spine  of  Temnopleunui  toreumafieu»,  fxhihiled. — Mr. 

H^Bkintncfi  csliibitod  a  croi>B-eectioD  of   tbe  spine  at  Tr-mm- 

^iEhtm  lorewmaliriu,  Kltin,  whiL-li  utiouwl  a  sijigle  cjcle  ol'  Bolitl 

nipm  ol  wn  irregular  iriiiiig1o-sliu|)i?,  inler>^nlattt<i  betwetu  wbic-b 

Tfiv  najrvw  spokes  of  reticuiatt-d  tissue  ruimiiif;  out  frooi  tlie 

oaiml  pith. 

SU»g*U    V^miteUular  alga,  allied  lo  the  go-ealled   Closlerium 

«tfwMM,  £ri6 Mr.  Archer  drew  atteQtion  to  a  uiut-elliilar 

ttjtm  •eemingly,  «>  to  say,  congeneric  with  tbe  so-eailed  Clot- 
~    '    I  atttuMm  (Brub.),  and  with  tboeo  other  allied  forme  Mr. 
has  »boini  from  time  to  time  at  the  Club  meetinpa,  and 
1  pmnbl;  should  be  added  one  or  two  ususlty,  but  doubt- 
refem-d    lo   Sptrutseiiia    (iacludiu^^    Spirateeaia   obtcuru). 
V  all  elongate,  like  Ciosterium,  it  ia  true,  with  pale  clear 
it  the  cfidn,  but  no  moving  granules,  nor  do  the  green 
a  form  longitudioal  rodiatiug  Iamin».     The  present  form 
(  •ery  slightly  nrcunle,  convex  on  one — the  "upper" — 
*     ight,  or  nearly  so,  on   the    other— the  "  lower  " — 

■  alightly  tapered  and  bluntly  rounded,  the  codo- 
«  ruoning  lowarda  the  ends.     It  was  thus  by 

1^  not  cylindrical,  hgure,  aud  sides  not  parallel,  as  welt 
r  nite,  di»ttuct  from  Ur^bisDOu'a  plant.  It  moru 
ID  form  lluit  shown  at  the  November  meeting  in  ltj75, 
I  considerably  smaller,  and  tbe  contents  wanted  tbe 
radbfT  at  either  extremity,  as  well  as  the  etill  single 
!  BUfpetided  in  the  middle  of  the  cavity.  The  cell-wall 
1  here  and  there  certain  ohvioua  thickenings,  sometimes 
tag  a  certain  amount  of  waviness  to  the  outline.  Celi- 
1  transtcrfe,  the  two  young  cells  remaining  appended  cud 
\Di  for  a»i&e  time.  Whether  tbe  group  of  forms  in  ijuestion 
^d  bo  rckgatcd  to  the  Desmidieie  at  all,  and  if  so,  as  a  dis- 
anil  new  genus,  any  more  than  AukietroJeHmue,  for 
taDcr.  would  srem  to  amount  to  a  hegging  of  Ibe  question, 
TDasmocfa  a*  coujuiziilion  has  not  beeii  observed  in  any  one  of 
thma,  if,  indeed,  the  browu  so-called  CylindrocyBlis  occurring  in 
i«h»  poola  iiu  the  flat  moor  above  Lough  Bray  should  not  be 
Oy    ^actd    therewith,   and   wfati-h    has    a  smooth   orbicular 

Wimii^  t/ate  of  Btyofn't  phmona.—'Dr.  E.  TerccTal  Wright 

"    '     oDiD  living  Hpei-imena  and  a  long  series  of  prepurs- 

ntivo  of  a  very    peculiar  mode   of  growth  he  had 

^vring    the   winter    mtinths   lu     JiiyopsU    plumota. 

■  tiff  lungand  very  tortuous  and  irregularly  knobbed 
_  tike  much  altered  pinn»   of    the  froid,   which    l.nd 

Haffand  then  (rgeuli-d  in  this  manner;  in  other  canes  thcue 
■  aalerowtbi  of  the  base  of  the  frond.     In  several  instances 
winter    (-rowths    asoumed    tbe    appearance    of     having  \ 
"  I.  M  in  Vauciieria,  but  in  no  one  instance  was  n  true  re-  J 
A  after  months  of  careful  watching  the  speoi. 
I  ven  dustroyed  by  an  uuk»uwa  parasitic  algal  form.    IdI 
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might  be  convenient  to  indicate  these  winter  growths  of  Brjopsis 
A8  its  Vaucheria- condition,  the  history  of  which  has  yet  to  be 
written. 

May  16M,  1878. 

Section  of  Ram^s  JPenis,  shown  under  a  IJ  inch  Smith  and 
Beck's  objective.  Mr.  B.  Wills  Eichardson  exhibited  a  carmine 
stained  cross-section  of  a  ram's  perns  he  had  prepared  a  few 
preyiously.  The  portions  corresponding  to  the  human  corpora 
cavernosa  were  mostly  composed  of  dense  fibrous  intersecting 
bands,  the  intersections  being  closest  at  the  part  where  the. 
septum  in  the  penis  of  man  is  situated.  These  bands  passed 
outwards  to  join  longitudinal  bands,  also  of  great  density, 
which  formed  the  outer  wall  of  the  section.  An  artery  and  a 
vein,  the  representatives  of  the  corpora  cavernosa  vessels  in 
man,  passed  through  the  centre  of  each  half  of  the  section.  In 
spaces  between  some  of  the  decussating  bands,  near  the  circum- 
ference of  the  section,  there  were  portions  of  unstained  tissue 
largely  composed  of  remarkably  fiue  fibres.  Clusters  of  fat  ceUs 
were  seen  in  some  of  the  spaces.  There  was  no  corpus  spon- 
giosum, strictly  so-called.  In  the  section  exhibited  it  was  repre- 
sented by  unstained  bands  which,  as  it  were,  held  the  uretnral 
wall  in  position.  These  were  probably  cross-sections  of  blood 
channels.  The  urethra  itself  resembled  the  collapsed  human 
urethra,  being  in  the  section  a  transverse  slit  having  short  fissures 
leading  from  it. 

Sections  of  Strongylocentrotus  nuduSj  exhibited. — Mr.  Mackin- 
tosh exhibited  a  cross  section  of  the  spine  of  Strongylocentrotus 
nudus,  A.  Agass.,  which  showed  a  small  central  axis  of  reticular 
tissue,  numerous  well-marked  cycles  of  solid  wedges,  the  whole 
structure  recnlling  that  of  Str.  armiger^  A.  Agaes.  described  in 
Club  Minutes  of  April,  1875.  The  sections  being  made  purposely 
rather  thick,  shovNcd  the  brilliant  purple  and  yellow  colouration 
to  fireat  advantage. 

iVeit'  Coscinodiscus. — Bev.  E.  O'Meara  exhibited  an  undescribed 
form  of  Coscinodiscus  found  in  material  collected  by  Mr.  Moseley 
in  the  harbour  of  Hong-Kong.  This  form  was  of  considerable 
size,  bt  ing  '0143"  in  diameter  ;  the  middle  of  the  valve  perfectly 
smooth,  having  a  somewhat  stellate  appearance  in  consequence  of 
tl  e  radiate  lines  of  areoles  being  of  unequal  length,  the  ends  of 
Home  approaching  nearer  than  others  to  the  centre.  The  lines  of 
areoles  are  close,  the  areoles  small  throughout,  distinctly  larger 
towards  the  mar«i;in.  This  striking  form  Mr.  O'Meara  proposed 
to  name  Coscinodiscus  Sinensis  from  the  locality  in  which  it  was 
found. 

Copal  with  embedded  organism,  exhibited. — Mr.M'Donnell,  lately 
from  Lakes  Nyaasa  and  Nyanza,  showed  a  large  series  of  polished 
pieces  of  copal,  having  embedded  a  variety  of  insects,  leaves  of 
plants,  Ac,  in  good  preservation,  and  ready  to  be  submitted  to  a 
low  power  of  the  microscope. 
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Jane  19M,  1878. 
^gria  2}jfrriana,ejhibileit. — Kov.  E,  O'Mwara  exhibiled  n 
.  inen  of  Qrphuriit  Di/eriana,  a  new  species  foiinil  b^  him  in 
■thcrittg  madi-*  iiji  Kir.  Moaeley  at  Kergiieleii'a  Land,  and  de. 
kd  bj  bint  (Mr.  O'Ateunt)  iu  '  Uuii.  Juuru.  Botany,'  vol,  xv, 
\  pi.  i.  &••■  10- 

tmUlia  lacfrata,  exUliiUii, — Mr.  Pirn  showed  the  fungus 
Ulia  l^tcerata  found  b;  hini  mucb  diffused  over  a  bawthum- 
e  at  Wooden briJge,  Co.  Wicklow. 

■•«n«iN,  H.  *.,  t*rt/  minute,  mth  finely  npinout  Zygospore, 
iilej. — Mr.  Archer  showed  examples  of  an  extremely  uiinutt) 
rather  common  little  CoHQinrium  (to  give  an  idea  of  ita  size, 
Bclr  to  large  aa  the  well-known  C.  linctum),  of  which,  bow- 
^  tn*  iTgoepore  was  not  before  exhibited  or  reeorded.  This 
'lum  was  eharni:teri»ed  by  a  flatuess  of  the  top — 
Ihll  charactLT  on  which  tu  build  a  spfciea,  some  might  say — 
•  An-her  thouglit  oue  could  hardly  miss  to  know  the  Hpecies 
but  fui-thor,  it  )H  the  ouly  one  of  the  eitremoly 
forms  witii  a  npioous  Eygoapore.  The  Eygoepore  ie 
r»ai  beeet  witheitremely  miuute  tineaud  pointed  epineK, 
;  tbi'retu  an  aluiont  hirsute  appearance.  Tnia  was  the 
I  occasiuu  OD  which  Mr.  Archer  hud  taken  this  form  eoii- 

He  would  call  it  Coimarium  laiiogparum. 

ktratjwm  in  F(ilg»iphonia.~\)t.  E.  I'ercevai  Wright  exbi- 

*".  iBuanied  ■{•eciuiens,  showing  the  different  Btages  in  the 

I  of  the  TelnisporcH  in   Polyiiphonia  forvtoia.     Their 

t  or  origin  would  sccui  to  be  always  between  the  central  cell 

■  jta  ■orronnding  cclU  (siphouB).     At  the  base  of  the  central 

I  small  pirrtioii  of  prutoplaiim  is  detJicbed,  this  then  soon 

(erseiy.  the  lonermost  morsel  forms  a  »ery  minute 

the  uppermost  assumes  an  oval  form;  this  latter 

una  altached  tu  the  former  by  means  of  a  little  stdk  of  pro- 

m,  which  eventually  supports  the  cell  which  originates  the 

lapure*.      Tbeso  are  formed  by  the  division  of  ihepiolotilusm 

Iw  cell  formed  out  of  the  upper  oval-shaped  moss.     It  divides 

I  four  nearly  equal  poriious  ;  these  have  no  points  of  attach- 

'  to  each  other     Gut  in  the  process  of  growth  these  four 

•  gradually  arrnngc  thumselvt's  after  the  very  charactoristie 

|fco«I  of  titcsc  vfgctnlive  cells. 

JuJy  20/A,  1878. 
\U,mir9tM^i*  traua  and  Metotaenium  violatcen*  in  compnnv 
■  ..-ri    w.rp  i.howti  by  Ur  Moure.     Thtsc  alj:iB  m' 
-i-imty,  and  it  is  hard  tu  get  a  guud  and  pui 

'^icillar   tootporea. — Mr.  Archer  showed  & 

I,  ..rT».,»fii(<rraiiirHJi(  with  tuosporescaughtduring 

li»B  point  of^ interest  was  their  very  clongato  or  cylin. 

il  Bgarc,  aot,  u  sccnm  uiual,  orbicular,  or  nuarly  No.     With 
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the  bright  speck  at  one  end,  they  had  thus  a  great  and  curious 
resemblance  to  some  Bacterian  forms. 

Coamarium  fontigenum,  Nordst. — Mr.  Archer  showed  examples 
of  the  only  Cosmorium  he  could  fiod  in  the  stuff  labelled  Co%- 
marium  foniigenum  in  Nordstedt's  and  Wittrock's  "  Alg»  exsic- 
catse*' — ^this,  if  it  be  the  form  had  in  view  by  Nordstedt,  is  a 
very  common  one  in  this  country  and  in  Scotland,  but  it  hardly 
ae;rees  with  the  figure  accompanying  the  material.  That  under 
Tiew  is  somewhat  like  Cosmarium  bioculatum,  but  differs  in  its 
truncate  top,  and  in  possessing  a  slight  depression  just  beneath 
the  obscure  upper  angles,  thus  causing  the  ends  to  appear  as  if 
somewhat  produced.  If  this  be  Nordstedt's  G.  fontigenumi  it 
would  be  the  first  time  that  author  would  have  so  far  exaggerated 
the  characteristics  of  any  of  the  many  species  brought  forward  by 
him  as  to  render  the  least  doubt  of  the  identity,  for  they  are 
always  most  truthful  and  charmingly  accurate  in  all  details.  It 
is  possible,  however,  the  true  form  may  have  yet  to  be  en- 
countered. 

Tricerafium  problematic^  shown. — Eev.  E.  O'Meara  exhibited 
a  form  of  Triceratium  found  by  him  in  Mr.  Moseley's  collection 
at  Kerguelan*s  Land,  but  only  one  example  of  which  was  met 
with,  and  that  not  quite  perfect.  It  was  very  large,  and  the 
areolation  distinct ;  he  coula  not  as  yet  identify  it  with  any  form 
of  this  genus  as  yet  described. 

Fithophora  Kewensis,  State  of^  exhibited,— J^v,  E.  Perceval 
Wright  exhibited  a  series  of  mounted  specimeiis  of  JPitho- 
phora  Kewensis,  and  some  livino^  specimens,  for  which  he 
was  indebted  to  the  goodness  of  Sir  Joseph  Hooker,  C.B. 
This  species,  described  by  Dr.  "Wittrock  from  specimens  found 
in  the  Tropical  Aquarium  at  Kew,  was  in  general  appearance 
somewhat  iike  a  Cladophora.  But  it  was  remarkable  to  find  in 
the  s[;ecimeijs  exhibited,  which  seemed  to  represent  the  winter 
stage  of  the  plant,  alii  est  the  same  branchless,  tortuous,  and 
irregularly  knobbed  filaments  as  he  had  shown  at  the  May 
meeting  in  Plumosa.  The  resemblance  was,  of  course,  only  a 
very  general  one,  for  in  the  one  plant  we  had  an  unicellular,  in  the 
other  a  mulli-cellu'ar  algal  form  ;  still  this  stage  of  Fithophora 
was  well  worthy  of  being  very  attentively  studied. 
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a  tn  tnt  wpet,  rix.  S  ]>.  e.  nlatioD  of  clitomatooF  ammoaJn  for  twentv- 
ba  Mn»,  UM  VHliiss  in  water,  itunine  in  piorocaMDiiie,  and  monntiDg  ut 

The  hsrdeaing  rengeots  thai  yield  good  results  are  cliroinic 
lod  i — i  per  cent.,  cspedaHjf  the  abo?e  mixtare  of  cliromic  acid 
mi  spirit,  and  to  a  ocrtam  degree  also  metlijlated  spirit. 
Bj^tromste  of  potash  and  Miiller's  iluid,  chloride  of  gold,  and 
ftirti  osnic  acid,  are  not  so  good  ;  the  cell-substance  has  a  ten- 
ieocj  lo  nreil  tip  too  much.  But  also  when  using  the  firsU 
umnl  reagcuta  il  is  necessary  that  the  tissue  shuntd  be  fresh. 
I  hare  foand  that  the  lapse  of  only  a  few  hours  between  death 
■i>d  haidening  ia  capable  of  spoiling  the  appearance  to  a  con- 
"■  ttble  «tent. 

HTben  epithelial  cells  of  villi  of  small   intestine  of  dog,  cat, 

'»  are  exalnined  in  the  perftctlj  fresh  couditiou  in  serum, 

i&rilUi  nittue,  eapectally  the  longitudiual  fibrils  oF  the  cell- 
,  cDiDcs  out  very  distinctly,  although  the  cell-substance 
i  u  i(  MHt^nnly  prannlar ;  careful  focussing  dissolves 
J  into  Ua  trot  nature,  viz.,  being  the  expression  of  fibrils  seen 
:  i^itica]  ecction.  But  when  the  epithelial  cells  begin  to 
ndino  disintrgrattng  changes,  such  as  conslautly  happen  some 
littie  time  after  death,  or  after  the  application  of  pressure,  or — 
viiat  is  always  the  easiest  and  best  means — after  the  addition  of 
diitilled  WBt«r,  the  fibrillar  nature  is  lost,  the  network  becoming 
hrako)  tip  iDto  irrcgulat  unequal  fragments ;  and  now  the  cell- 
tabstoocQ  pivacnts  the  appearance  as  if  irregularly  and  coarsely 
gnaular.  I  hare  repeated  these  observations  so  often  nith  the 
wine  molt  that  I  am  inclined  to  think  that  when  the  substance 
of  the  epithelial  cells  of  villi  appears  uniformly  "  granular,"  these 
gmjnles  are  the  optical  sections  of  the  fibrils  of  the  intracellidar 
%etteork,  bat  when  this  substance  appears  to  contain  irregular, 
i.  *.  anequal  granules,  this  is  most  probably  due  to  a  disintegra- 
tion of  the  intracellular  network,  or  to  the  preseuce  of  fat-granules. 
The  nockns  of  these  epithelial  cells  is  oval,  and  possess  within 
itf  manhnnc  a  distinct  nctwurk  of  fibrils  stmiiar  to  that  de- 
•oibtid  in  nuclei  in  my  first  paper.  There  is  no  nucleolus 
pttMnt,  but  we  see  small  bright  dots  in  the  nodes  of  the 
■ctwork,  amongst  which  we  recognise  occasionally  one  or  two 
AOnwwliat  laigor  than  the  rest.  In  my  first  paper  I  have  stated  that 
the  mjijorily  of  the  bright  dots  in  the  network  of  the  nuclei  of 
oelU  in  the  newt  ere  due  merely  to  optical  sections  of  the  fibrils 
of  that  u^work,  and  that  the  larger  particles  are  local  thickenings 
of  the  SbriU,  either  natural  or  artificial,  i.e.  owing  to  the 
rimreUiuft  np  of  tiicm.     This  same  interpretation  L  have  to 

k  klM  |4  the  nuclei  of  the  intestinal  tpilVlium  of  mammals. 

[  aeatioaed  in  my  (irst  paper,  Heitzmann  describes  in  various 
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cells  the  nucleus  as  containing  a  nucleolus,  from  which  fibrils  pass 
in  a  radial  direction  outwards  into  the  surrounding  cell-substance, 
where  they  form  a  network.  That  the  small  regular  dots  present 
in  the  intranuclear  network  are  merely  optical  sections  of  fibrils,  as 
also  maintained  by  Eimer,^  I  have  not  the  least  doubt  of,  although 
Balfour,in  his  paper  on  the  structure  and  development  of  vertebrate 
ovary,^  does  not  accept  this  interpretation  for  the  bright  dots  in  the 
reticuJum  of  the  germinal  vesicle.  Looking  at  some  of  his 
figures,  e.g.  figs.  3, 16, 18,  I  recognise  the  very  identical  ap- 
pearances, i.e,  uniform  dots  in  the  nodes  of  the  network,  and  I 
should  tlunk  a  high  power,  very  good  light  and  careful  focussing 
would  show  that  my  interpretation  is  the  correct  one.  That 
the  larger  particles  occasionally  to  be  noticed  in  the  network  are 
the  remains  of  the  substance  out  of  which  the  network  is  de- 
veloped, as  Balfour  maintains  in  the  case  of  the  germinal 
vesicle,  I  have  no  doubt  is  the  true  explanation  also  of  the 
natural  local  accumulations  which  were  noticed  by  me  in  some 
nuclei  of  the  cells  of  newt,  and  which  may  be  seen  also  in  some 
of  tiiose  of  the  intestinal  epithelium.  So  that  we  both  agree 
with  Schwalbe/  who,  as  I  have  mentioned  in  my  first  paper, 
regards  the  nucleolus  and  other  large  particles  in  the  nuciens 
as  of  transitory  value  in  the  developmental  history  of  this  organ. 
From  my  own  experience  I  am  led  to  conclude  that  in  the 
development  of  the  cell-nucleus  a  stage  is  reached— in  some  pro- 
bably sooner  than  in  others — in  which  the  intranuclear  network 
may  be  regarded  as  fully  formed,  being  uniformly  constituted 
and  without  containing  any  more  of  those  large  particles.  Such 
nuclei  may  be  met  with  in  large  numbers  in  the  epithelial  cells 
of  stomach  of  newt,  in  the  endothelial  and  unstriped  muscle  cells 
of  mesentery  of  newt,  and  also  in  the  epithelial  cells  of  intestine 
of  mammals.  In  all  these  organs  most  nuclei  contain  a  uniform 
reticulum  without  any  large  particles.  The  small  uniform  dots 
present  in  them,  I  repeat,  are  only  optical  sections  of  fibrils. 

1  should  invite  my  friend  Mr.  Balfour  to  consider  the  following  simple 
proposition :  the  intranuclear  as  well  as  the  intracellular  network  having,  of 
course,  three  dimensions,  includes  fibrils  that  lie  in  the  two  dimensions  of 
the  plan  of  the  field  of  the  microscope,  as  well  as  fibrils  placed  vertically  to  it. 
The  former  appear,  of  course,  as  fibrils  ;  but,  I  should  like  to  ask,  as 
what  do  the  latter  appear,  i.  e,  those  situated  vertically  ?  Clearly  as  dots, 
because  they  are  seen  endwise  ;  and  for  obvious  reasons  most  of  them  lie 
in  the  nodes  of  the  network. 

The  above  stage  of  ripeness,  if  I  may  be  allowed  to  call  it  so, 

*  *  Archiv.  f  mikroskop.  Anatomic,*  Band,  xiv,  p.  103. 

2  This  Journal,  vol.  xviii  (New  Ser.),  October,  1878,  p.  437. 

3  "  Bemerk.  iiber  d.  Kenn.  d.  Ganglienzellen,"  *  Jenaiscb.  Zeitschr.,' 
Band  x,  p.  25. 
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i.e.  tbc  uniform  netvork  with  aniforin  bright  dots  in  its  nodes, 
belong!  to  the  idult  condition  of  the  nucleus.  Bat  this  is  not 
atceaauiiy  limited  to  cells  of  the  adult,  for  the  nucleus  of  a  cell 
in  tbc  rmoi^o  passes  just  as  much  through  a  whole  developmental 
cycle  M  that  of  a  cell  in  the  adult.  Cells  of  the  adult,  as  well 
u  of  the  embryo,  become  mother-cells,  and  their  nucleus,  as  is 
DOW  veil  known,  undei^oes  a  aeries  of  remarkable  changes,  the 
lut  stage  of  which,  i.e.  that  of  ripeness,  is  the  above  condition 
of  t  aniform  network. 

In  conformity  with  this  we  find  in  the  earliest,  as  well  as  latest 
ftagcs  of  the  emiin-ooal  life,  vast  numbers  of  nuclei,  which  contain 
jut  B9  oniforiD  a  network  as  the  nuclei  of  small  cells  of  the 
■dolt ;  beaidea  these,  there  are  others  lu  which  this  network  is 
nol  90  Weil  developed.  The  same  may  be  said  of  the  nuclei  in 
tbr  ceUs  of  the  aaalt.  In  this  respect  I  quite  agree  with  what 
Balfoar  xays  la  his  paper  of  the  history  of  the  reticulum  in  the 
on,  although  I  am  under  the  impression  that  the  nuclei  of  the 
pvimitive  ova,  as  depicted  in  fig.  1  of  Plate  XVII  of  his  paper, 
ef  which  he  says  that  they  contain  a.  uniformly  granular  matter, 

I  in  rr.ality  already  include  a  network,  the  fibrils  of  which  are 
short.  I  sh.iU  have  occasion  later  on  to  refer  to  the  naclei 
i«  epithehum  of  seminal  tubes  of  mammals  as  containing  a 
;  network  of  very  short  fibrils  or  rods;  the  appearances 
nted  here  are  in  many  respects  similar  to  those  of  the  nuclei 
n  primitive  ova  in  the  above-named  dg.  1  in  Balfour's 
r,  bat  in  the  case  of  the  nuclei  of  the  seminal  epithelium 
I  able  to  trace  the  reticulum  very  distinctly. 
'  I  sball  have  several  times  occasion  to  return  to  the  question  of 

the  nneleolus  in  the  different  epithelial  and  gland-ceils  which  I 
■ball  liave  to  describe  in  this  paper,  and  I  will  limit  myself  to  say 
het«  with  regard  to  (he  nucleus  of  the  epithelial  cells  of  the  in- 
tatinr,  that  in  miiuy  instances  there  is  no  trace  of  a  nucleolus, 
and  thai  in  some  instances  there  sj-e  one  or  two  larger  particles 
contained  in  the  reticulum,  the  significance  of  which  I  have 
explained  above. 

The  intnuiQclear  and  intracellular  network  are  in  connection 
with  each  other,  just  as  I  described  it  in  the  case  of  the  epi- 
tbdiaJ  nils  of  the  stomach  of  newt. 

Is  some  nuclei  there  exiats  a  special  arrangement  of  the  intra- 
nndear  network  in  tiie  presence  of  a  layer  of  circular  fibrils 
fituatcd  nitxt  the  membrane,  and  arranged  parallel  to  the  surface 
of  ill*-  nucleoB.  These  fibrils  being  occasionally  viewed  perpeii- 
diruljuly  are  seen  as  n  row  of  dots  uent  the  membrane  of  the 
ns.  A  limilar  nrnuigement  had  been  noticed  also  by 
1,^  who  dcKribea  in  some  nnclei  of  cells  of  Salamandra, 
*  Ldc  dt.,  p.  109. 
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Aegineta,  Carmaiina  haatata,  a  peripheral  "  zone  of  grani^ 
(Koiacheiikreis],  due  to  the  above  circolar  fibrils.  In  the  c«n 
of  tbc  aactei  of  the  epithelial  cells  of  intestine  and  other  organs 
of  mammals  this  arrangement  ia  not  of  a  general  character,  aa  it 
is  absent  in  man;  iusumcea.  I  have  seen  it  only  rarely  in  the 
nuclei  of  the  cells  of  stomach  and  mesentery  of  newt.  But 
whenever  the  nucleus  contains  next  its  membrane  a  regular  row 
of  granules,  it  may  be  tsken  as  certain  that  this  is  an  index  for 
the  circular  dbrils.  I  am  inclined  to  think  the  same  of  the  row 
of  dots  in  the  germinal  vesicle  of  the  ovum,  represented  by  Bal- 
four in  fig.  ai  on  PI.  SVIIIj  although  Ealfoxir  does  not  notice 
anjtbing  of  a  network  in  this  germinal  yesicle. 

As  is  well  known,  the  epithelial  cells  covering  the  villi  of 
small  intestine  and  the  mucous  membrane  of  large  intestine,  as 
well  as  those  lining  the  crypts  of  Lieberkiihn,  possess  at  their 
free  border  a  fine  longitudinal  striation,  which,  as  had  been  first 
proved  by  Brettauer  and  Steinach,'  is  due  to  its  being  composei] 
of  minute  rods.  Thanhoffer'  maintains  for  the  duodenal  epi- 
thelial cells  of  frog  that  the  above  lice  striation  is  the  expression 
of  contractile  processes  of  the  protaplasm  of  the  celia,  which 

firocesses  are  said  to  play  an  important  part  in  the  absorption  of 
at.  Fortunatow^,  however,  while  opposing  this  view  of  Than- 
boffer's,  mentions  the  presence  of  short  protoplasmic  processes  as 
cilia  in  the  above  epithelial  cells  of  frog. 

In  the  case  of  the  ciliated  epithelial  cells  of  the  foregut  of 
newt,  1  have  mentioned  in  my  first  paper  that  the  cilia  are  dis- 
tinct prolongations  of  the  fibrils  of  ttie  intracellular  network,  and 
in  this  respect  I  was  at  one  with  Ebertli,  Marchi,  Eimer,  ftad  Nuss- 
baum.  The  same  reliition  I  notice  also  to  exist  with  regard  to  the 
striated  border  of  the  intestinal  epithelial  cells,  viz.  that  the  stria- 
tion is  due  to  /«e  fi&rlk  projecting  a  short  dUlaace  deyaixi  tka 
general  iatracellnlar  netmorl-  (fig.  1).  I  cannot  definitely  decide 
whether  the  bright  thick  cuticle,  wliich  apparently  lies  on  the 
free  surface  of  the  epithelial  cells,  and  which  apparently  contains 
these  fine  atriic,  is  really  a  cuticle  coverittg  tbe  cells — as  is  repre- 
sented by  most  histologists  since  that  bright  cuticle  was  first 
observed  by  Henle— or  is,  on  the  contrary,  only  a  substance 
arranged  around  Ike  free  border  of  the  celli  without  covering 
the  latter,  i.e.  is  a  projection  of  the  interepithelial  substance,  as 
maintained  by  Thanhofl'er  with  Lenhossi^k. 

I  know  of  one  fact  which  seems  to  me  to  show  in  a  clear 
manner  that  the  fine  stria,  i.e.  the  fine  fibrils  projecting  from  the 

'  '  SiteuDgsber.  d,  Kais.  Akadem.  d.  Wias,,*  1S67. 
"  Pfliiger's  '  Archiv,"  viji.  p.  391,  and  '  Ccntralbliitt  f,  nied.  Wisa.,' 
No.  i3.  p.  101. 
•  Pfliiger'a  'Archiv.'  W,  liv,  p.  3S5. 
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IwaiPiftwe  of  the  epitbeliil  cells  coTeTine  the  villi,  are  independent 

"'bl  than  bright  cuticle  or  border  EuhstADce.    I  have,  immelf, 

I  in  aeetioDs  of  rilli  of  amall  intestine,  and  alio  in  sections  of 

■  istntine  of  pig — the  intestine  had  been  hardeDed  in  the 

nn*  of  ehromio  acid  and  spirit — groups  of  epithelial  cells  in 

h  Ibe  pro)t«ting  fibrils  could  be  very  beautifdtj  sees  toifi- 

K«Bjr  trtfAl  bonier  tuhtiance  ieiity  pretent.     There  were  other 

■  of  ejNtbelial  cells  in  which  the  other  arrangement  pre- 

,  tit,  the  rtrire  seen  more  or  less  dimly  apparently  in  the 

t  border  ffobstance.      Argning  from  this  fact,  one  might 

nt  if  Ifaow  projecting  tibrils  can  be  present  without  that 

t  bovdor  nibetjuico,  tbej  cannot  be  contained  in  it,  for  if  so 

MCOM  of  one  must  necessitate  the  absence  also  of  the  other. 

*  before  ddinitely  accepting  this,  we  have  to  see  whether 

DC  appeinnce  can  be  observed  abo  in  the  intestine  of  otlier 

>,  es)KC)Elly  carnivorous  animals,  where  this  bright  border- 

e  ta  prcaent  to  a  very  considerable  extent.     And  I  have 

Dticed  00  villi  of  small  intestine  of  dog  and  cat  that  in 

mtoi  pnU  the  epithelial  cells  show  beautiful  fibrils  projecting 

hjmaa  the  free  border  without  there  being  present  any  bright 


(i)  Q<  ZMia'A-tiiVa  erypU. — The  epithelial  cells  lining  the 
OTpU  of  Liebrrkiihn  are  identical  with  those  of  the  aorface  of 
the  naeons  mrmbrane,  both  as  regards  the  structure  of  the  cell 
KbaUace  and  that  of  the  nucleus  (see  tig.  i,  PI.  VII).  All  I 
mA  aboTe  about  the  arrangement  of  the  intracellular  and  jntra- 
r  network  applies  also  to  the  rnithelium,  and  it  is  therefore 
rr  >gain  to  repent  it.'  Irue,  there  are  certain  diifer- 
t  these  refer  merely  to  the  shape  and  size  of  the  cell 
"  'ttia.  Thus,  comparing  the  epithelium  lining  Lie- 
tjpts  of  the  fmiiW  intestine  with  that  covering 
F  coarse  in  the  same  animal — it  will  he  found 
tbcltai  cells  of  the  latter  ar«  conspicuously  longer, 
lOre  'cotiunnar  than  those  of  the  former,  and  that  the 
of  the  epithelial  cells  of  the  villi  is  more  regularly 
J  thin  that  of  Ibe  epithelial  cells  Uning  the  crypts  of 
&iii  in  tbe  same  parts,  the  nucleus  in  many  cells  of  the 
latter  b^ag  circnUr.      Again,  comparing  the  epithelium  lining 

•  r.  E.  SehnlH,  ID  bu  work  od  epitlieli*!  and  goblet  cctU,  to  be  rererred 
)«  vttnl  liv>c*  IE  ilw  [tilluioiD^  psgjHt  munluas  that  ttie  epilbeUsJ  wits 
«f  ite  niP^  ^  Lirl»rLubn  dilTnr  vcttta  Ihoso  covcriog  tbo  villi,  inumuch 
M  lie  (i»  iMTfiler  c(  I M  lornicr  is  open,  whereas  that  Of  llie  latter  ii  closed 
W IW  tiuefc  brigkl  b'^rirr  Tubitance  mentioned  above.  Tliis  distioclioii 
■■^  b«,  bBWffcr,  kiimitte^,  because  tlierc  a  in  bolli  ioBtancei  lb«  Mme 
Urit  bonlv  nbataqtt  and  tliii  saino  itriation  of  il,  and  caDseqacDtlj  tbo 
i^MtiM  of  Uw  nalnn!  ol  llicse  spi>rnnncca  mast  be  the  une  ia  QOlli 
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the  crypts  of  Lieberkiihn  of  the  small  intestine  with  those  of  the 
large  intestine — of  coarse  in  the  same  animal — it  will  be  found 
as  a  rule  that  the  epithelial  cells  are  longer  in  the  latter  than  in 
the  former  locality.  Besides  these  permanent  differences  in  size 
of  the  epithelial  cells  of  the  crypts^  there  are  others  that  are  only 
temporary^  being  dependent  on  the  state  of  distension  of  the 
crypt.  Thus  we  notice  in  the  large  intestine  in  some  places  a 
considerable  difference  in  the  size  of  adjoining  crypts,  and  also 
in  the  length  of  the  epithelial  cells  lining  them.  For  example, 
I  find  in  an  horizontal^  section  through  large  intestine  of  pig  as 
the  mean  of  several  measurements  : — 

a.  Diameter  of  crypt    ....    0*067  mm.  to  0*048  mm. 

b.  Diameter  of  lumen  ....    0*021  mm.  to  0013  mm. 

In  a  the  length  of  the  epithelial  cells  is  about  0*022  mm. ;  in 
b  it  is  about  0*015  mm. ;  the  greatest  length  of  the  epithelial 
cells  in  general  is  here  0*027  mm. ;  the  smallest  0*01  mm. 

Now,  the  longest  epithelial  cells  are  not  always  found  in  the 
largest  nor  the  shortest  cells  in  the  smallest  crypts,  nor  do  we 
find  the  length  of  the  lining  epithelial  cells  the  same  throughout 
one  and  the  same  crypt.  Thus,  for  instance,  I  find  in  a  good 
many  places  the  length  of  the  epithelial  cells  in  the  middle  part 
only  half  or  two  thirds  of  those  lining  the  mouth  and  the 
fundus  of  the  same  crypt.  Passingly  I  may  mention  that  in 
the  short  epithelial  cells  the  nucleus  is  always  spherical. 

As  a  rule  it  may  be  taken  as  correct  that,  mieris  paribus,  the 
length  of  the  epithelial  cells  varies  according  to  the  state  of 
distension  of  the  crypt,  or  according  to  the  amount  of  mucous 
secretion  present  in  the  cavity  of  the  crypt.  Thus  I  measure  in 
some  crypts,  distended  by  mucous  secretion,  a  lumen  of  0*054 
mm.,  the  whole  transverse  diameter  being  only  0*071  mm. ;  that 
is  to  say,  the  length  of  the  lining  epithelial  cells  is  only  0*011 
mm.  In  another  place  I  find  a  crypt  with  a  lumen  of  only 
0*01  mm.  in  diameter,  whereas  the  whole  transverse  diameter 
amounts  to  0*067  mm.;  this  gives  0*027  mm.  as  the  length  of 
the  epithelial  cells.    Such  examples  I  could  multiply  ad  libitum. 

It  seems  to  me  probable  that  also  the  state  of  contraction  of 
the  mucosa,  i.  e,  the  tissue  surrounding  the  crypts,  has  something 
to  do  with  the  length  of  the  epithelial  cells  lining  them; 
the  contracted  state  of  the  crypts,  if  I  may  be  allowed  to  use 
such  a  term  to  indicate  those  tubes  that  have  a  thick  epithelial 
lining  and  a  small  lumen,  seems  to  point  in  that  direction. 
Whether  the  epithelial  cells  themselves  have  the  power  to  actively 

*  The  above  measurements  refer  only  to  horizontal  sections  and  to 
such  crypts,  which,  bv  their  circular  outline,  may  be  regarded  cut  exactly 
transversely. 
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^^^Pnct  and  expftDi),  and  thereby  to  change  the  relation  between 

^^^Stiiic)ciie5!>  of  till!  whole  epithelial  lining  and  the  size  of  the 

^^HcOi  OR  Kogelmnnn  found  it  to  be  the  case  in  the  small  glands  of 

Qie  ni«tataT7  membrane  of  fro);,  I  am  not  in  a  position  to  alTirm 

or  to  den^.     Bat  there  seems  to  be  one  fact  that  might  be  taken 

^■■poiating  towsTds  a  similar  relation  as  that  in  Engefmann'a  ease, 

^^^K  the  fact  that  there  are  a  good  many  crvpts  in  which,  without 

^^Bfonni:^  matter  being  found  in  the  lumen,  this  latter  (lumen) 

^^^Bore  or  less  distended,  and  the  lining  epithelial  cells  propor- 

^Tlfcielj-  shortened.  This,  however,  admits  also  of  another  explana- 

tioa,  vhicfa  will  appear  later  on  in  connection  with  the  aubmaxil- 

Imrj  and  other  glands.    The  longer  the  epithelial  cells  the  more 

**  ""  icl  do  they  show  the  longitudinal  arrangement  of  the  fibrils 

:  iotercellalar  network. 

a  diange  of  the  shape  of  the  epithelial  cells  under  different 
loat  is  a  subject  which  does  not  seem  to  me  to  have 
4  suSicietit  attention  yet,  I  shall  have  occasion  in  another 
to  describe  in  detail  my  observations  with  regard  to  this 

I ,  but  I  ?risii  only  here  to  mention  a  few  facts  necessary 

Llifi  inter[ir«tntion  of  the  above  appearances.  I  have  shown ' 
tbc  «ikdothelium  covering  the  pulmonary  pleura  changes  its 
e  (Ituing  the  respiratorT  movements  of  the  lung,  inasmuch 
t  iiulindDal  endotlielial  plates  become  flattened  during  the 
iBpiralion,  and  return  again  to  their  prerious  shape 
:  esjiiratiou.  Kiittner '  has  shown  that  with  the  first 
"  ■'  e  epithelial  cells  lining  the  alveoli  of  the  lung  change 
I  cells  into  Qat  cells,  and  this  shape  they  retain  in 
I  lung.  But  1  have  convinced  myself  that  also  in 
ring  respiration  some  epithelial  cells  of  the  air- 
I  also  of  the  bronchi  undergo  a  change  of  shape. 
mown  since  luleni;  and  others,  the  hning  of  the  alveoli  of 
nort  mammnls — especially  cat — coutain  amongst  the  ordinary 
fiti  epitbcliiil  cells  small  cubical  cells  arranged  singly  or  in  groups. 
P.  E.  Scfaoltze '  has  very  carefully  described  and  figured  these 

J  of  cat  that  are  in  a  state 

d  ctpumon,  such  as  is  the  case  in  a  deep  inspiration,  possess 

nrj  few  of  thtse  small  cpitheUal  rells  amongst  the  ordinary 

flu   ones,  their  uumbcr  bcmg  considerably  greater   if  the  air- 

(  arr  ctuitraclfd,  such  as  is  the  case  in  a  deep  expiration. 

0  tmall  cubical  cells  appear  to  he  more  "  granular  "  than  the 

r  large  flat  cells,  w))ich  arc  more  or  less  hyaline.     I  am, 

Mtonj  of  Uio  LmpliaiiD  S^ttem,'  ii,  Pitrt  1,  "  The  Lungg,"  p.  9. 
diov^  *  Arehiv.   Bund  Ixvi,  p,  M,  ttpaaim. 
KStridurr'*  'Iludbookot  Ritlolog;,'  clmpter  "  The  Lang." 
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ihereforfy  led  to  conclude  that  these  small  eufaieal  cells  are 
capable  of  expansion  and  contraction.  In  the  first  instance  tbsjr 
are  transparent,  l^rge  and  flat  cells,  in  the  second  thqr  are  less 
transparent,  more  granolar,  smaller  and  more  enbical.  Daring 
deep  inspiration  the  increase  of  rolnme  of  the  air  Tcsides  ne- 
cessitates an  increase  of  snrfoce  of  the  lining  epithelinmj  and 
tlus  takes  place  partly  at  the  expense  of  those  small  ceUs,  whereas 
daring  a  deep  expiration  the  redaction  in  snrface  prodaces  again 
a  reduction  of  some  of  the  large  flat  cells  into  small  cubical 
elements.  Thus  we  have  precisely  the  same  condition  as  that 
in  the  endothelium  of  the  surface  of  the  pulmonary  pleura. 
But  I  find  also  a  similar  relation  to  exist  with  r^ard  to  the 
epithelium  of  the  smallest  bronchi. 

If  in  a  section  of  lung  I  compare  a  minute  bronchus,  which— 
judging  by  the  thinness  of  its  muscular  coat  and  by  the  large 
size  of  its  lumen — is  to  be  regarded  as  being  in  a  distended  con- 
dition, with  one  that — fudging  from  the  opposite  appearances, 
viz.  thickness  of  muscular  coat  and  smallness  of  lumen — is  in 
a  contracted  state,  I  notice  a  distinct  change  in  the  thickness  of 
the  epithelium.  In  the  one  case  the  epithelium  is  composed  of 
a  single  layer  of  short  columnar  cells ;  in  the  other  the  cells  are 
Tery  elongated,  and  even  so  placed  as  to  resemble  laminated  cells. 
A  similar  difference  has  been  pointed  out  by  Arnold^  with  rq^d 
to  the  epithelium  covering  the  mucous  membrane  of  the  tongue 
of  frog,  viz.  that  the  epithelium  is  composed  of  a  single  layer 
of  cells  (grooves  between  papillae),  but  appears  laminated  where 
the  cells  are  more  pushed  togetlier  (papillae  themselves). 

With  refereuce  to  the  bronchi,  I  am  quite  aware  that  it  may 
be  urged  that  except  by  comparing  two  bronchi  of  exactly  the 
same  order  no  definite  conclusion  can  be  arrived  at  as  regards 
the  relative  thickness  of  the  different  parts;  and  I  do  not 
say  that  in  arriving  at  the  above  conclusion  I  have  made  absolute 
measurements.  But  it  must  be  admitted  that  even  without  such 
it  is  perfectly  possible  to  say  in  a  given  preparation  whether  two 
bronchi  are  approximately  belonging  to  the  same  order,  and  which 
of  them  is  contracted  and  which  not,  I  presume  any  one  who 
has  some  experience  in  the  examination  of  microscopic  sections 
will  be  capable  of  determining  approximately  whether,  e.g.  two 
arteries  seen  in  transverse  section,  but  of  which  one  is  contracted 
the  other  distended,  are  approximately  of  the  same  order. 

From  all  I  have  seen  it  seems  probable  that  passing  from  the 
maximum  of  a  deep  inspiration  to  that  of  a  deep  expiration  the 
epithelial  cells  lining  a  minute  bronchus  change  from  the  elon- 
gated shape  into  that  of  a  short  columnar  cell. 

'  Virchow's  *  Archiv/  Band  Ixiv,  p.  203,  and  passim. 
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III  all  iheM  GUea  of  change  of  shape  of  the  epithelial  cells 
■a  Sure  prubablj  to  do  with  a  definite  function  which  is  of  im- 
portuice  to  the  epitbelinm.  If  these  epithelial  cells  were  not 
pmidcd  with  this  high  amoant  of  contractility  and  elasticity  it 
11  ntj  likely  that  serions  mechanical  injury  might  be  inflicted 
ca  the  ejiitiwlium  as  a  whole,  if  this  should  be  called  upon  sud- 
dnity  tg  caver  a  sur^e  greatly  larger  thau  at  a  preceding  moment. 

Chic  o(  the  beat  illustrations  of  this  kind  is  the  epithelium 
of  tbe  urinary  bladder.  In  a  vertical  section,  made  through  the 
aamoM  msmbrane  of  a  bladder  hardened  in  the  expanded  con- 
dttion  Wfl  notice  that  the  ejiithelium  is  considerably  thinner  thnn 
if  tbe  blidfler  had  been  allowed  first  to  shriek.  In  the  latter 
'tlUiKf  tho  euitbdium  consists  of  many  more  laminie  than  in 
iha  fbnner.  [Uf  course  I  am  not  referring  to  tbe  distortion  that 
t^e*  place  if  the  bladder  is  extended  artificially  beyond  a  certain 
<legne.J  To  the  change  in  shape  of  tbe  epithelial  cells  of  the 
lawwnitHl  epithelium  of  the  skin  and  mncous  membranes  I  shall 
ban  to  return  later  on. 

Tb«  fUltt  cglU  which  are  foond  amongst  the  epithelial  cells 
of  the  sor&ce,  and  amongst  those  of  the  crypts  of  Lieberkiihn, 
■tww,  juft  like  those  in  the  stomach  of  newt,  the  iniracellutar 
att^fori  !  its  meshes  are  wider  than  in  the  ordinary  epithelial  cells 
on  acooant  of  the  presence  of  mucin,'  which,  as  I  mentioned  in 
ny  flm  paper,  is  contained  in  the  meshes  of  the  network.  In 
bKBUtosylin  specimens  the  contents  of  the  goblet  cell  is  stained 
in  a  deep  purple-blue  colour,  and  on  account  of  this  it  is  by  no 
■Mtaa*  an  easy  matter  to  distinguish  the  network ;  but  if  the 
specimen  be  only  slightly  stained  with  htematoxjliu,  or  still 
Mter,  if  tlie  sections  are  stained  with  picrocannine,  the  network 
ooBes  out  with  suffieient  distinctness.  Tliin  sections  of  intestine 
of  (riff,  dog,  or  cat  (hardened  in  mixture  of  chromic  acid  and  . 
qniit),  are  those  in  which  tie  netwoTh  of  fihnh  m  the 
ftkM  trU»  can  be  made  ont  distinctly.  >ig.  3  represents 
raeh  a  goblet  cell,  in  a  as  viewed  from  the  surface,  in  b  from 
ike  side.  Although  the  nuclens  of  the  cell  had  been  pressed 
Jiwra wards  as  far  as  possible,  while  the  interfibrillar  or  inter- 
iob«tauoe  had  swollen  up  to  the  extent  as  to  change  the 
!  (if  the  oniinary  columnar  cell  into  that  of  the  goblet,* 
■  atiU  possible  to  diecern  that  there  is  a  connection  between 

jUet-calli  contnin  murin,  vhicli  i*  poureil  out  b;  Uirm.  lioi 

J  Bruokc  MUil  bu  liceu  oacerutl;  worked  oul.  bt-sides  otbcr 

[>  Sehuuci  iu  '  Atehir  f.  itiikroak.  Anatomic,'  Bund  'A. 

_  edge  Ibat  the  goblet  cells  are  derived  [rom  ordinan  oolannar 

gnb  we  o*e  to  iho  ruearobet  ol  Bruolnv  Striokeri  and  etpeoially 


I 
I 


136  DR.  E.  KLEIN. 

the  fibrils  of  the  intracellular  network  and  the  nacleus^  although 
of  the  network  of  this  latter,  for  obvious  reasons^  little  can  be 
made  out. 

From  these  facts  it  appears  to  me  that  the  discussion  whether 
ffoblet  cells  are  still  to  be  regarded  as  living  cells,  or  only  as 
degenerated  forms  of  them^  loses  much  of  its  ground,  for  the 
goblet  cell  is  possessed  of  precisely  the  same  structural  attributes 
as  the  ordinary  columnar  epithelial  cell  from  which  it  is  derived, 
viz.  intracellular  network  of  fibrils,  nucleus,  and  a  connection 
between  the  two.  The  goblet  cell  differs  from  the  ordinary 
epithelial  cell  only  in  so  far  as  the  interfibrillar  or  interstitial 
substance — which  is  very  scarce  in  the  latter — has  changed  into 
hygroscopic  mucin  (or  mucigen),  and  thereby  has  swollen  up  to 
an  extreme  degree,  in  consequence  of  which  the  network  has  be- 
come much  more  opened,  and  the  shape  of  the  ordinary  epithelial 
cell  has  changed  into  the  characteristic  goblet.  Granted  goblet 
cells  are  present  already  during  life,  if  they  were  due  to  a  de- 
generation of  the  ordinary  epithelial  cells  it  would  be  necessary 
to  assume  that  they  have  to  be  got  rid  of  by  the  mucosa^  and 
that  the  non-degenerated  epithelium  had  to  make  up  for  the 
defect  thus  created. 

Now,  it  would  be  impossible  to  accept  this  last  assumption 
if  we  bear  in  mind  that  in  some  intestines  the  number  of  goblet 
cells  is  far  greater  than  that  of  the  ordinary  epithelial  cells. 

If  part  of  jejunum  of  a  half-grown  dog  be  examined  three  to 
four  hours  after  partaking  of  food,  the  epithelium  will  be  found  to 
abound  in  goblet  cells,  both  that  of  the  surface  as  well  as  that  of 
Lieberkiihn's  crypts.  In  sections  hardened  with  spirit'  this  will 
be  seen  verified.  But  comparing  with  this  the  jejunum  of  a  dog  of 
about  the  same  age  that  had  not  been  fed  for  ten  to  twelve  hours, 
it  will  be  found  that  the  number  of  goblet  cells  is  greatly  smaller. 
This  very  well  agrees  with  the  assertions  of  F.  E.  Schulze,  that 
the  goblet  cell  is  a  particular  stage  in  the  mucous  secretion  of 
the  ordinary  columnar  epithelial  cell.  I  have  sections  through 
the  jejunum  (hardened  in  spirit)  of  cat,  in  which  both  the 
epithelium  lining  the  crypts  of  Lieberkuhn  and  those  covering  the 
villi  contain  many  goblet  cells.  Those  at  the  top  of  the  villi  possess 
still  their  mucin — marked  by  the  deep  purple- blue  staining — 
those  at  the  sides  and  base  of  villi  and  of  the  crypts  have  got 
rid  of  it,  their  contents  being  quite  unstained  ;2  and  it  is  in  these 

^  Since  Lipsky  it  is  well  known  that  chromic  acid  hardening  increases 
the  number  of  goblet  cells,  but  spirit  has  no  such  tendency. 

"  I  am,  however,  not  quite  certain  whether  this  condition  does  not 
correspond  rather  to  a  state,  when  the  meshes  of  the  intracellular  network 
contain  mucigen — that  does  not  stain  in  hematoxylin;  so  that  this  state 
would  precede  the  one,  when  the  contents  of  that  network  is  muclD,  ».  e, 
does  stain  in  ha^matoxylin. 
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thtt  tbe  fine  iDtracellalu  network  can  be  made  out  with  a  good 
power  like  Zeiss'  F,  or  Hartaack'a  immemon  No.  10. 

Tbe  tut«rmedifti-;  forms  belweeu  ordinary  epithelial  cells  and 
goblet  cells  that  one  meets  amonget  the  epithelium  of  intestine 
tndea,  kc,  appear  to  me  to  be  just  as  likely  indicating  the 
»tani  of  goblel  cells  to  ordinary  epithelial  cells  as  they  are 
gcaoail;  osaomed  to  be  the  reverse. 

2.  Tie  Ciliattd  Epithelial  CelU  of  Epididymis. 
StoceO.Beckeri'it  is  known  thatthe  epithelium  of  the  epididymis 
b  compoeed  of  ciliat«d  colnmnar  cells.  They  are  always  described 
M  eotuistijig  of  granular  protoplasm,  and  containing  an  oblong 
ondeiu  mu  nncleolus.  Examining  sections  through  the  epi- 
didf  mU,  hardened  in  spirit,  of  half  or  full  grown  dog,  it  will  be 
■sk  that  tbe  substance  of  the  epithelial  cells  is  not  "  grannliir 
protoplum,"  but  is  very  distinctly  longitudinally  striated,  being 
eoraposeil  of  minute  fibrils,  arranged  chiefly  parallel  to  the  lon^ 
taaa.  Under  a  higher  power  these  fibrils  can  be  traced  througli 
wbat  *eems  to  be  the  thickened  free  border  of  the  cell,  niid  pro- 
jecting as  the  well-known  excessively  long  cilia.  In  thin  sections 
tfaraogli  hardened  epididymis  of  dog,  the  lymphatics  of  which  organ 
had  been  previously  injected  by  "  puncture  "  with  a  2  per  cent. 
wvterj  tolution  of  Britcke's  Berlin  blue,  I  have  no  difficulty  what- 
erer  to  tnce  tbe  connection  between  the  fibrils  of  the  cell-substance 
aad  the  dlia,  even  only  with  a  moderately  high  power,  such  as 
Zeus'  D  or  "E,  or  Crouch's  -J-.- 

Tbe  fibrihi  constituting  the  principal  part  of  the  cell-substance 
an,  however,  connected  by  short  lateral  branches  into  a  network, 
aod  thfi  "  granules  "  that  may  be  seen  along  and  between  them 
uv  like  those  in  the  intestinal  and  other  epithelial  cells,  tneu- 
tioiied  previously,  due  to  optical  sections  of  fibrils  (see  fig.  10  of 
Hate  Til}. 

Tbe  nucleus  is  elliptical,  and  contains  n  distinct  network  with 
tbe  nnial  bright  dots  in  the  nodes.  The  network  is  either 
tuuform,  like  that  found  in  the  nuclei  of  epithelial  and  endo- 
tbelial  wUb  of  newt,  described  in  the  first  part  of  this  paper,  or 
tboe  a  nest  the  membrane  a  special  layer  of  circular  fibrils 
eoonoctedby  radial  branchlets  with  the  more  central  parts.  The 
bright  dots  are  either  of  uniform  size,  and  situated  in  the  nodes, 
berac  optical  lections  of  fibrils,  or  there  is  one  or  two  larger 
ptrticle»^pncleol J— f o u iid  in  the  network.  The  nuclei  of  the 
^^Hlet  kind— i'.  t,  with  large  particles — are  in  some  places  fewer 

^^B  UcOetehntt'ft  'Gntm.,'ii,  1S56. 

^^^B  IIh  Ibu  ia  eettaint;  a  ver;  eioelltnl  glsst;  iU  dcfiaitioa  is  aa  good 
^T^lM  Butaaek'a  7 — to  which  it  oorroiiHindi  in  msgoi^iug  power— 
'  tikitltufeeumincd. 
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than  in  others.  The  fibrils  6f  the  intracelliilat  network  tole  also 
here  directly  connected  with  the  intranucleaif  ones ;  htoce  the 
membrdne  of  the  naclens  appears  dotted^  OWiilg  to  its  being 
interrupted  hj  the  passage  of  those  fibrils. 

The  layer  of  colutnnar  epithelial  cells  hithertd  described  forms 
one — now  doubt  the  chief — part  of  the  will  of  a  ttibe  of  the 
epididymis^  but  there  is  another  layer  of  small  cells  iiKth  nuclei^ 
generally  shrunk  and  deeply  stained  in  logwood  spteimens,  inside 
the  membrane  (Becker^  Henle^  KoUiker).  This  latter  contains 
a  perceptible  amount  of  unstriped  muscle  fibres  (Henley  Kolliker). 
See  fig.  9,  Plate  VII. 

The  nuclei  belonging  to  the  columnar  cells  lie,  as  usual,  in  the 
outer  third  of  the  cell-body;  in  sections,  however,  hardened 
simply  in  spirit,  it  appears  as  if  the  nuclei  had  a  more 
irregular  position,  appearing  in  some  cells  in  the  inner,  in  others 
near  the  middle,  and  in  still  others  in  the  outer  part.  Instead 
of  finding  the  nuclei  all  arranged  in  a  definite  zone — speaking  of 
the  epithelium  as  a  whole — we  see  that  they  appear  distributed 
almost  over  the  whole  thickness  of  it  (see  fig.  9,  a),  except  a 
small  inner  zone  that  remains  free  of  them,  'tins  becomes 
easily  explained  if  we  compare  with  it  a  section  through  epi- 
didymis (of  the  same  animal)  in  which  before  being  placed  in 
spirit  the  lymphatics  had  been  injected ;  that  is  to  say,  the  in- 
tertubular  spaces  having  been  filled  first,  the  organ  was  prevented 
from  shrinking.  In  a  section  of  such  an  epididymiswefindthenuclei 
approximately  keeping  within  a  definite  zone  of  the  epithelium. 

Out  of  several  measurements  of  tubes  of  an  epididymis  hardened 
simply  in  spirit  I  find  : 

The  thickness  of  epithelium 0*037    mm. 

The  thickness  of  membrane  (incl.  muscle-fibres)     .    0*0055  mm. 

For  those  of  the  epididymis  of  the  other  side,  having  been 
first  injected  and  then  hardened  in  spirit,  I  find : 

The  thickness  of  epithelium 0*026  mm. 

The  thickness  of  membrane  (incl.  muscle-fibres)      .    0*008  mm. 

That  is  to  say,  the  thickness  of  the  epithelium  of  the  former 
relates  to  that  of  the  latter  as  3  to  2.  The  epithelial  cells  in 
the  former  case  being  more  pushed  together  than  in  the  latter 
give  the  impression  as  if  laminated,  in  the  same  mantier  as 
mentioned  by  Arnold  for  the  epithelium  of  the  papillae  of  totigue 
of  frog,  referred  to  on  a  previous  page. 

3.  T/te  Glajid-cells  in  the  Submaxillary  Gland. 

(a)  In  the  dog, — As  is  known  from  the  investigations  of 
Heidenhaini  the  gland  cells  of  the  submaxillary  gland  of  dog  ate 

*  R.  Heidenhain,  *  Studien  des  phjsiol.  Institutes  zu  Breslau/  1868. 
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— «t  uiT  tste  in  the  qoiesoeat  state—"  mucous  cells,"  i.  e,  glassv 
trutfpuFal  ccUb  cobtsiuing  nmcus,  Lavdowsk;,'  whose  work 
m  Ibe  uutomy  and  physiology  of  the  salivary  glands  is  distin- 
' "  "  by  m  gteat  number  of  important  observations,  fully 
■"»  ttuB  m  showing  that  in  carnivorous  animals  both  the 
artttol  and  eabmaxUlary  glands  are  purely  mucous  glands.  The 
■haaxUUry  gknil  of  man,  however,  differs  in  so  far  from  that 
of  tbc  dog  tut  it  is  a  compound  gland,  including  mucous  and 
I  nt  Mlirtry  gland  (UoU,  Lardowsky),  and  not  merely  n  mucous 
^^ted,  u  stated  by  Ilenle.- 

^^Hlle  eelU   lining  the    lumen  of  the   gland  tubes   (so-called 

^^^PbU)  Kr«  in  the  subtnaxillarj  gland  of  dog,  as  is  Well  known, 

^VKMnttB]  or  mucous  celk  of  Heidenbaiu,  and  outside  these  we  find 

ttie*'eresoei)ts  "  of  Gtanuzni,  of  which  Ueidenhain  has  demonstrated 

Uui  tbey  consist  of  a  group  of  granular  or  protoplasmic  cells.   As 

Rgwds  the  former,  viz.  the  central  or  mucous  cells,  Heidenhain^ 

nuotioae  that  thpir  substance  ia  delicatbly  ^striated.     Ewald*  also 

■entiotts  ft  delieale  atriatiou  of  the  mucous  cells,  "aa  though  a 

ptrfcctly  transparent  substance  was  traversed  by  numerous  ex- 

tiroiely  flae  librils,"  and  Lavdow^ky  states  that  the  cells  in  the 

qoiaeeBt  gland  contain,  besides  mucus,  traces  of  protoplasm  in 

me  abape  of  an  exceedingly  delicate  network  next  the  nucleus 

I^Uch,  It  is  well  known,  lies  iu  that  stage  more  or  less  compressed 

^^^k  to  the  wall  of  the  gland-tube. 

^^^faeideiihain^  has  asserted  that  during  prolonged  secretion  the 

^^^■ons-cells  are  destroyed,  and  replaced  by  new  cells  formed  out 

^B^Ac  "  cretcmis,"  which  new  cells  at  firat  are  "albuminous  cells'* 

^^Aap.)  i.e.  consist  of  granular  protoplasm  like  the  cells  of  the 

"oeacmtB,"  but  which  arc  determined  to  become  again  trans- 

fennwd  into  "  mucoos-cells."     In  this  he  is  supported  by  Boll," 

who  mnilio&s  the  same  fur  the  submaxillary  gland,  especially  of 

gninfa  pig- 

The  condRion  of  exhaustion  is,  according  to  Ileidenhain.and 

"  U,  characterised  by  the  replacing  of  the  transparent  large  mu- 

I   eclls    with   parietal   compressed  nucleus,  by  "granular" 

r  wlis  with  a  spherical  nucleus  placed  more  or  less  oen- 

That  the  gland  cells  possess  a  different  aspect  iu  tiie  two 

inns  has  been  confirmed  by  Kwald,  Flliiger  and  others ; 

\  UeidenhRtn's  explamttioii  of  this  fact  has  been  contradicted 

Arci>i»  f-  BliVr.  Anntom.,'  BiinJ  liil,  n.  8S7. 
Stdcmaiuelitf  Anfttamii!,  KbgeweitteUhre,'  tSfl3,  p.  133. 
{icT.  d.  K.  }f*r\n.  Um,  d.  Wim.'    Leipsig.  13(15. 
UeiltNpt.llittol.uDd  PtayiiDl.,d.6peicholfld.  lIuDdes,' Berlin,  1S70i  I 

*  '  abj  TQiigcr  in  liis  irtideon  "Skliviiry  (jlMids,''in^trioku't  J 

ri*.  c.,pp.  17i«i8S. 

'  *  AnOur  I.  Uikr.  Autcn.,'  Basil  v,  p.  SSL 
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by  V.  Ebner,  Banvier  and  Ewald.  Ewald^  has  tried  to  show 
what^  however^  is  also  hinted  at  by  v.  Ebner^^  viz.  that  the 
different  aspect  presented  by  the  gland  cells  in  the  quiescent 
and  exhausted  state  of  the  gland  is  not  due  to  a  destruction  of 
the  one  and  a  new  production  of  the  other  kind  of  cells,  but  to 
a  direct  change  of  one  into  the  other^  the  '*  mucous  celb ''  being 
convertible  by  abstraction  of  mucous  into  the  'Agranular 
cells/','  Lavdowsky/  who  criticises  Ewald's  work  with  what  seems 
to  me  unjustifiable  severity^  contradicts  Ewald  in  many  things 
but  on  several  occasions  in  his  (Lavdowsky's)  paper  he 
makes  assertions  which  appear  to  me  not  irreconcilable  with  the 
principal  proposition  of  Ewald^  and  in  a  tolerably  distinct  oppo- 
sition to  Heidenhain's  statement.  Lavdowsky,  on  p.  338,  writes 
thus :  '^  We  have  seen  that  in  the  transformation  of  the  mucous- 
cells  there  are  two  processes  going  on  side  by  side,  viz.  the 
diminution  of  mucous  and  the  appearance  of  the  albuminous 
substance.  Further  on  it  becomes  still  more  distinct  that  this 
substance  {i,e.  albuminous  substance)  grow$  mare  and  mare  (the 
italics  are  Lavdowsky's),  while  the  mucous  at  the    same  time 

gradually  diminishes The  reason  for  this  is,  according 

to  Lavdowsky,  *^  the  increase  {jgrowih)  ^(?»^/7ar^  (albuminous  or 
protoplasmic),  of  the  cell  substance  in  order  to  fnake  up  for  the 
disappearance  of  the  other  part  (mucous),"  and  on  p.  829  he  says 
that  as  stimulation  proceeds  the  substance  of  mucous  ceUs  loses 
the  character  of  mucous,  becomes  opaque,  granular  and  smaller. 
This  seems  to  be  clear  enough;  why  Lavdowsky  should  then 
endeavour  to  neutralise  this  again  and  to  put  such  stress  on  the 
destruction  of  mucous  cells  and  the  new  formation  of  proto- 
plasmic cells  in  the  second  and  third  of  his  stages  of  stimulation 
I  cannot  well  conceive.  The  facts  such  as  delineated  in  his 
figures  10,  11,  and  12,  are  perfectly  compatible  with  the  first 
view,  viz.  ^^  gradual  change  of  the  mucous-cells  into  albuminous 
cells.'*  That  the  destruction  of  mucous  cells  mentioned  by 
Heidenhain  and  Lavdowky  does  not  possess  more  than  secon- 
dary importance  under  normal  conditions  is  a  matter  to  which  I 
shall  have  to  return  when  I  give  the  description  of  my  own 
observations. 

If  we  examine  a  thin  section  through  the  submaxillary  gland, 
hardened  in  spirit  and  stained  in  hsematoxylin,  of  a  dog  that  has 
been  killed  twenty-four  hours  after  taking  food,  the  gland  having 
been  quickly  excised  and  plunged  into  the  alcohol,  we  find  that 
it  possesses  a  uniform  structure;  the  gland  cells  resemble  in 
many  respects  the  mucous  cells  that  we  find  in  ordinary  mucous 

*  L.  c,  p.  31. 

'  *  Die  acinosen  Dhisen  der  Zunge/  Graz,  1873,  p.  34. 

'  L.  c,  p.  351  and  passim. 
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waetiog  gUuds  of  the  tame  aninta),  except,  perhaps,  tlint  the 
celk  in  tho  rormer  are  shorter  than  in  the  latter.  But  the  cells 
at  macDitf  cells,  as  asaoltj  described,  of  the  resting  gland,  i.  e. 
UwspaicDt  celU  ctiatainiog  "  mucus "  (see  below).  The  oat«r 
put  of  neh  cell  is  more  or  less  dravn  out  and  imbricated  on 
the  membrana  propria,  and  containing  in  its  estremitj  the 
■onewhat  compressed  nucleus ;  that  is  to  say,  the  cell  resembles 
■  goblet  cdl-  The  free  border  of  the  cell  is  open ;  this  can  only 
1»  ascertained  in  a  part  of  the  section  that  does  not  exceed  the 
ihirkn*—  of  one  cell ;  iu  those  parts  tlint  are  two  or  three  layers 
deep  the  cella  appear  covered  by  a  membrane  of  the  same  thick- 
ness and  refractive  power  as  the  substsace  that  separates  the 
kikiiaag  cells.  The  reason  is  obvious,  viz.  we  see,  de  facto,  the 
tMstBDoe  Bepuatiiig  the  cclU  of  two  layers.  I  must  therefore 
diSer  in  this  respect  from  the  assertions  generally  given  to  the 
dCect  dot  moflt  cells  are  closed  toward-i  the  lumen.  Tlie  sub- 
stance of  esdi  cell  shows  two  parts :  (a),  an  inner  half,  trans- 
psimt  and  finely  striated,  owing  to  the  presence  of  hiiyitu.- 
Hmtf  /MU,  which  extend  to  the  free  border;  for  this  reason 
'**  L.tDcBibraiie  that  in  thicker  parts  of  the  section  appears 
pover  llris  inner  border  seems  in  a  certain  focus  to  be 
nJy  dotted,  owing,  no  doubt,  to  it  being  seen  either 
s  or  lielow  those  fibrils ;  these  fibrils  anastomose  only  by 
Pilateial  branchlets.  (6)  An  outer  half  which  contains  a  inii- 
i  uetieori  o/fMh;  it  is,  no  doubt,  this  part  of  which  Lav- 
iky  (see  above)  saya  that  there  are  present  in  it  "  traces  "  of 
Etplasin  in  the  shape  of  network.  There  are  not  only  "  traces" 
mt  a  well-fievitlupeii  networi  offbriU,  and  I  am  rather  astonished 
that  Lavdowsky  has  not  seen  and  figured  it  more  clearly,  for  the 
appearances  are  very  con^iicuous.  As  in  Ihc  case  of  theepi- 
taelium  of  the  intestines  the  nodes  of  this  network  appear 
like  dots,  and  ftith  only  a  moderately  Rood  lens  one  might 
easilT  mistake  this  part  for  "  granular.""  The  fibrils  of  the  inner 
put  are  distinctly  connected  with  the  network  of  the  outer  part. 
The  distinction  into  these  two  parts  can  be  made  out  when  we 
have  a  dear  profile  view  of  the  cells,  in  an  obhque  or  horizontal 
view  wf  do  not,  of  coarse,  perceive  this  distinction.  When  the 
cefls  are  viewed  as  a  mosaic,  i,e.  in  bird's-eye  view,  the  sub- 
•tanee  of  each  polygonal  figure  appears  to  be  composed  of  a 
onifunn  oetvork,  but  this  probably  is  only  the  network  of  the 
onlw  cell  portion  just  mentioned. 

The  "  errscoits  '  offiiauuzzi  or "  parietal  cells"  of  Heidenbain, 
ajipear  well  devdopcd,  and   1  do   not   find  them   in  any  way 
mtataX,  as  rtnrda  number  and  disposition,  from  what  they  are 
vibed  by  Heidenhatn,  Lavdowsky,  and  others.     Their  >i' 
is   a   dtnti  Ht/Kori   of  ftlrilt.      There   are  lobule* 
t«W  aan. 


y  are      ^1 
or     ^^1 


If2 

vx%kBB  v£  jshmet  jl  inndL  lae^  crrJ^-iJis  av  ecanpieiiooalj 
leoer  ^fu^oiec  xusl  zx  loer  wn^  xiii  itr  avefal  cGO^aiuoii 
is  vi£  se  ^flBXic  uis  jUn  'ne  'ywrifii:  cr  ■■hnu  edls  of 
ums:  pBif  sp?<^  JKR  axkff  bsca  ttmed  ia  hrtatmrylm* 
1^  cosseiu  ^  ;2e  ssctis  s:^  »v  ur  cf  m  mofe  or  leas 
ioses3MSsj  yzrpjt^^iat  rzc.  ines-as  ir  ut  oikr  lobnleij  the 
KBKW  ttLjf  S7t  B:n  fiujsei  IS  iZ  7  olIj  £%telT  «o.  We  know 
frai  ^  owmsSsGss  sf  Dr.  Wn^kfr-  txst  in  ordiiiaiT  maooiu 
giiAdb^  e.^.  ia  ue  tsone.  wt  or.  ni  tiie  sd  of  fanutoxjlin 
ftiTinng,  caclj  jacgruii^  Tra:*!  {Jcad  or  putt  of  ghnd  aie 
JQfl  in  tfie  let  of  mucoms  secredic  nad  whkk  not,  for  wliere  the 
eeflf  tie  charged  viti  ici«c^  iber  stiiB  in  m  duncteristic 
imrpje-blae  tizrL  Tbe  t^-SrVfr  xbt  hrtr  the  moie  pronoaneed 
the  ocdonr.  Dr.  Wixzur  shoired  me  thk  Ten*  chuacteristic  re- 
aetkmalio  in  the  tcst-fnbe;  erenthe  sonlleR  qoantitjof  maoous 
— so  matter  vhat  iu  reaetioa,  vhedxr  alkalmr  or  acid — becomes 
piecipiuted  far  the  additkfn  of  a  drop  of  bematoxylm  aolation 
— the  asoal  vaterr  solatkm  of  extract  of  lo^vood— as  flakes  of 

nporple-bfaie  to  blue  coloor. 
eiioe  it  becomes  clear  that  also  in  the  snbmaxillaij  ghnd 
the  bloc  staining  of  the  mucous  cells  is  due  to  the  presence  of 
mocin  in  them. 

I  am  quite  awire  that,  as  Heidmham,  Pfloger  and  t.  Ebner  hare  pointed 
oott  there  is  in  the  fahnuudllarT  as  well  as  in  other  mncoos  glands  a  post- 
mortem chaLire  of  tie  '*'  mucigtn  "  into  cucin,  but  this  takes  place  onlj 
if  tbe  ^Land  be  not  placed  earlj  enough  jito  tbe  hardening  spirit.  In  the 
iJx>Te  description  I  was  referrine  oiiiV  to  those  cases  where  immediatelj 
aft4^r  the  animal  Lad  been  killed  by  bieeiin::,  small  bits  of  the  oi^ans  had 
been  placed  into  the  spirit.  Besides,  these  glands  that  have  suffered  that 
post-mortem  change  do  not  show  well  the  outlines  of  the  cells  [v.  Ebner), 
as  I  can  fully  confirm.  In  mj  case  I  have  another  more  weighty  reason  for 
asftuming  the  presence  of  mucin  in  the  mucous  cells  already  in  the  living,  it 
is  the  fact  that  in  those  lobules  the  ducts  contain  mucin  stained  in  tbe 
purple-blue  tint. 

From  these  facts,  viz.  that  there  are  present  lobules  or  parts 
of  lobules  in  which  the  *'  crescents"  are  enlarged  and  the  mucous 
cells  are  charged  with  mucin,  not  "  mucigen,"  as  in  the  rest- 
ing state,  and  that  also  the  corresponding  duct  contains  mucin, 
I  infer  that  in  the  so-called  resting  state  of  the  gland,  but  pro- 
vided the  animal  be  kept  without  food  for  some  time,  there  are 
parts  in  wliich  the  formation  of  mucin  out  of  mucigen  is 
already  going  on.  I  shall  have  to  mention  further  below  a 
similar  relation  in  the  mucous  glands  of  tongue  and  oesophagus 
of  the  same  animal. 

Ijavdowsky  also  states"  Ihat  in  the  resting  glands  there  may 

*  *  Proceedings  of  the  Uoyal  Society/  vol.  xxii,  p.  293,  and  *Philosopli. 
Trnnsnotions,'  1S7^».  ii,  p.  772. 
3  L.c,  p.  318. 


UBBEKVATIO-VS  OS   BTRfCTITRE  OP  CELLS  AND   NUCLEI       1*3 

te  an  ilreod}  under  »  ]em  small,  weli-defiued,  more  trans- 
pnsl  quu-geUtiDQUB  i>ortions,  which  under  t)ie  microscope 
Aom  the  ehuMteis,  not  of  resting  gland,  but  of  oue  that  has 
i%fatlj  Mereteil,  and  he  also  notices  the  enlargement  of  the 
"(iMoents"  or  parietal  cells.  The  mocoue  cells,  according  to 
Ludowtky,  show  no  change  in  these  parts,  except  that  their 
nclnu  »  ^ghtlf  larger  and  more  ronntted.  I  do  not  find  this 
iltcntian  in  the  nucleus.  Had  Lavdowsky  used  h^ematoxylin 
Hiiiimg  for  tbese  parts,  ht-  would  not  have  failed  to  notice  that 
the  mncoae  cells  are  altered  also  in  another  re»pect,  inasmuch 
as  tfarr  cantaip  mucin  instead  of  mucigen,  besides  being  some- 
vhftt  iirgrr.  Carmine  staining,  which  Lavdowtky  chieflj'  used, 
does  aot  ihov  this  dilTerence  in  the  contents  of  the  mucous  celjfi. 
In  tbc  ssdivar^  gland  of  a  dog,  killed  twenty  minutes  after 
partaking  of  food,  most  ducts  contain  mucus,  and  in  most 
ubKles  wt  find  the  cells  6lled  with  mucin. 

A.  comparison  of  a  submaxillary  gland,  as  described  above,  with 
one  taken  from  an  animal  (dog)  killed  one  hour  after  feeding, 
Aowc  the  following  differences : — Although  there  are  a  good  many 
[uU  wh«e  a  difference  between  the  gland  structure  taken  from 
tfab  animal  and  one  lliM  had  been  killed  twenty-four  hours  after 
tbt  UM  ra«J  cannot  be  detected,  still  there  are  other  parts — sec- 
tions of  labulrs,  and  even  whole  lobules,  in  which  the  mucous 
cdb  an  decidedly  ahorter.  Their  substance  appears  more  uni- 
fomlj'  pervaded  by  the  minute  intracellular  network  of  fibrils, 
vlicnt*  tbe  parietal  cells  are  somewhat  more  prominent,  being 
brsKT.  The  nucleus  of  the  mucous  celts  does  not  present  the  same 
ippaumce  or  position  as  in  the  other  case,  being  less  compressed, 
noMi  nrrfrular,  and  not  so  close  to  the  membrnna  propria. 

^kgur  first  pointed  oat^  that  in  the  intralobular  ducts — tbe  part 
be  called  "  Speichelroliren" — the  columnar  epithelial  cells 
■  them  are  in  their  outer  portion  composed  of  minute  longi- 
il  rods,  whereas  the  inner  portion  appears  more  or  less 
;eneona  or  slightly  grannlar  ;  the  circular  or  slightly  oral 
Uea  about  tbe  point  where  the  two  parts  are  in  contact, 
Pflufr^r,  I  see  that  in  some  tubes  the  epithelial  cells 

a  wry  fine  striation  also  in  the  imier  part ;  and  on  look- 

Iiw  at  tlii^  with  a  high  power  I  am  able  to  make  out  that  these 
loDcitudinal  fibrils  form  also  a  network,  and  hence  the  "  granu- 
lu^  a|,iKr.-\T8n(T  ..!  tliis  [liirl.  Unlike  the  other  observers,  I 
~  -(■  epithelial  cells  contains  a  uniform 

-Illy  the  uniform  dots,  occasioimlly 
ning  also  a  large  particle,   corrc- 
.,,,..^  ui  some  authors.     Further,  I  notice 

iilr  f.  mikroik.  Aaat.,'  Baod  v,  p.  133. 
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in  thin  sections  that  ii€  Jiirils  of  ike  auier  cell  par  turn  are  in 
canneetum  with  ike  intranuclear  network,  hence  the  monbrane 
of  the  nucleus  presents  the  appearance  of  a  prorated  membrane. 
Pflnger^  and  Lavdowsky'  assert  that  when  a  part  of  this  '^rod- 
qpitbelium''  is  viewed  from  the  surface  we  see  a  uniformly  dotted 
substance ;  and  Heidenhain'  has  also  maintained,  with  reference 
to  the  epithehum  of  the  convoluted  tubes  of  the  kidney,  on  the 
occasion  when  he  first  described  those  cells  as  being  in  the 
principal  part  composed  of  rods  or  fibrils,  that  in  the  surface 
view  these  cells  appear  uniformly  dotted,  owiuff  to  the  rods  being 
seen  endwise.  Lavdowsky^  confirms  this  mr  the  embryonu 
kidney.  Without,  of  course,  doubting  for  a  sin^e  moment 
that  what  Heidenhain  and  also  Lavdowsky  isolated  in  the  respec- 
tive kidneys  were  rods  or  fibrils,  I  must  differ  from  both  toad 
Pfliiger,  not  only  with  regard  to  the  cells  of  the  submaxillary 
gland,  but  also  with  regard  to  those  of  the  convoluted  tubes  of 
the  ladney,  for  a  careful  inspection  of  the  surface  of  the  rod- 
part  of  the  epithelium  in  both  cases  shows,  not  merely  a 
dotted  appearance,  but  a  network,  i,e.  dots  with  short  anastomos- 
ing branches,  the  dots  being  of  course  due  to  rods  seen  end- 
wise. So  that  the  rod-part  of  the  epithelium  does  not  merely 
contain  a  bundle  of  rods  or  fibrils,  as  maintained  by  Pfliiger, 
Heidenhain,  Lavdowsky  and  others  but  a  reticular  substance 
which  possesses  a  pre-eminently  longitudinal  arrangement. 
Whether  the  rods  or  fibrils  are  in  many  instances  membranous 
expansions  or  not^  I  am  not  able  to  say,  although  looking  at 
them  endwise  I  seem  to  notice  in  some  places  appearances  more 
compatible  with  the  presence  of  the  latter  than  the  former.  The 
same  arrangement  is  possesssed  by  the  "  rods^^  in  the  medullary 
sheath  of  nerve  fibres,  described  by  Lantermann  and  MacCarthy, 
that  is  to  say,  the  medullary  sheath  is  not  merely  composed  of 
vertical  rods,  but  of  a  reticular  substance.  I  shall  have  occasion 
to  refer  to  this  appearance  more  in  detail  in  the  third  part  of 
this  paper. 

In  both  cases  of  glands  hitherto  described  there  are  found  a 
numher  of  alveoli y  which  possess  no  ^^  mucous  cells, ^'  or  only  traces 
of  them,  but  which  are  entirely,  or  to  the  greater  extent,  made 
up  of  "  granular  "  or  "  protoplasmic ''  cells,  with  circular  cen- 
tral nuclei.  I  find  either  small  groups  or  sections  of  lobules 
almost  entirely  made  up  of  such  small  protoplasmic  cells ;  they  are 
for  the  most  part  polygonal,  possess  one  central  circular  nucleus, 
they  lie  very  closely  together,  and  appear  either  to  belong  to  more 
or  less  convoluted  tubes  without  any  lumen  in  them,  or  they  are 
arranged,  as  in  the  ordinary  alveoli,  around  a  very  small  lumen, 

'  Strieker's  '  Handbook,'  English  trans.,  p.  431.  '  L.  c.,  p.  314. 

'  •  Arehiv  f.  mikrosk.  Anat./^d.  x,  p.  5.  *  L.  c.,  p.  333. 
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uid  rewmble  then  in  all  respects  the  alveoli  of  true  salivary 
Kbofis,  gr  liie  so-caJIed  seraui  glandt  knon'ii  through  A.  Heiden- 
DMoa  and  ron  Ebuer  (see  farther  below).  Thej  are  always  in 
connection  with  a  tube  given  off  by  one  of  the  salivary  ducts 
with  rod-cpitheliom  (i.  e.  Pfiiiger's  "  Speichelriilireu  "}  and  lined 
with  ihoit  paTcment  epithelium.  In  some  parts  it  ia  also  seen 
that  in  the  above  alveoii  with  "  granular "  epithelium,  one  or 
two  of  the  celU  are  already  mucous  edit,  but  the  whole  alveolus 
ia  mncb  noaller  than  an  ordinary  one.  There  can  be  little  doubt 
that  in  the  sabuiaxillary  giaiiii  of  balf-gronu  dogs  [I  worked 
vitb  aoiiBkU  six  to  eight  months  old)  there  exists  a  certain 
fgt"i'H*  of  onripe  gland'struclure,  but  m  ditl'erent  stages  of  dc- 
nbpnetit,  oooeisting  of  interniediarv  forms  between  more  or 
\tu  w)bd  duut-Iike  masses,  composed  of  polygonal  uninuclear 
"gnmilv"*  cells,  then  groups  of  such  cells  around  a  small 
luiMO,  ud  fiuallv  such  forms  in  which  some  of  the  "  granular " 
ceUa  are  replaced  by  "  mucous  cells." 

Ptdger  mcntioDB  that  in  the  resting  submasiilary  ^ands  of 
ndtfaits  there  are  "  thousands "  of  young  cells,  developing  in 
rannectioa  with  the  rod-epithelium  of  the  salivary  ducts.  Lar- 
iemAj  denia  this,  and  says  that  Pfliiger  probably  mistook  the 
■■negate  of  ceUs  eonstituting  the  "  crescents  "  for  developing 
edk.  Altboogfa  I  have  not  been  able  to  see  in  the  resting 
MbnuiaiiUsry  gland  of  dog  anything  like  the  cells  that  Pfliiger 
iHmftw.'  I  omat  oppose  Lavdowsky's  statement  as  regards  the 
%m  iriiti'iiTT  of  dermping  cells  in  any  but  stimulated  glands. 
As  I  bare  poiated  oat  above,  there  is  a  perceptible  amount  of 
jdud  tiMBe,  in  the  half-grown  dog,  jutt  passing  through  the 
uenat  atages  of  development. 
Hm  abore  intermediary  forms  between  alveoli  in  which  some  of 
liar"  ttUa  have  changed  into  mucous  cells  and  ^veoli 
npoaed  of  "granular"  cells  distinctly  shons  us  the 
rt  exista  between  the  mucous  cells  and  the  "  granular" 
fldb  of  iha  eresceots.  This  relation  coincides  entirely  with 
that  atatcd  \ij  Heideafaain  and  Lavdowaky  for  the  exhausted 
^nd,  vtL  tbat  the  parietal  celU,  or  the  cells  of  the  crescents  give 
tkiffM  ta  tile  maonu  cells.  That  this  is  the  relation  in  the 
•rimait  parts  of  the  gland,  of  this  I  have  no  manner  of  doubt, 
nt  1  lun  Ukavise  no  doubt  that  wkiU  the  iK/mmriUarif  gland 
itim  m  mrmmi  tiaU  ^  /nKciion,  Euch  as  is  represented  in  the 
ttia&Kj  Sfc  of  the  anJawl,  Uu  "  mucoiu  cell*,"  a*  a  whole,  ore 
mt  dmiftfti  imnm0  aevrefioM,  and  that,  therefore,  there  is  no 
tmA  fm  tfaor  bong  RgCBetatod  from  the  parietal  cells.     I  must 

*  I  Milh  aiai  "4iwielii"aiiiiiliriliinilliii  ijiiinn fttir  iii^t' 

W  lia  aacMlal  irik  bat  of  enaiw  I  hare  Mued  above  ilut  iliew  gnuiuk*  >ni 
■)*  MV«aL  ttat  Hhiliaii  bcinr  la  realit;  a  doue  network  of  fibrils. 
,.T*nl     1    '  *BMftpqfc.'  %r^-9S. 
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place  mrBelf  »n  tlie  side  of  thoae  (Ewald,  v.  Ebncr,  Ranifl 
whose  obsenrations  of  this  &nd  nmilnr  glands,  cspeciailjr  inuoH 
glands,  has  led  them  to  the  eoiiclusioii  timt  "  mucous  c  " 
possess  ill  the  dilTeTent  phases  of  function  a  diirerent  SBpect,  ti 
they  are  not  ileatroyed  duriug  secTetion,  but  Qft«r  secretion  are 
capable  of  ruturiiing  again  to  the  fonner  state  of  rest.  Such 
ia  the  coiiclusioii  to  vhich  a  gt^neral  coiisideTStiiiD  of  secretory 
action  would,  h  priori,  lead  us,  and  the  above  obaervBtions  fully 
bear  that  out.  They  have  shown  us  that  mucous  cells  possess  a 
slote  of  rest,  in  wUicli  they  show  an  inner  more  longitudinally 
fibrillated  and  an  outer  more  reticulated  part,  containing  in 
its  meshes  the  "mucigcn."  Then  there  is  another  phase,  that 
of  secretion,  in  which  the  ceils  are  larger,  and  the  "uiucigen," 
transformed  into  mucin;  after  tbia  the  cells  again  return  to 
their  former  state,  first,  however,  showing  a  more  uniform 
network  of  librils.  The  nuclei  of  the  mucous  cells  are  subjected 
to  oidy  one  change,  \v/..  in  the  last  phase  they  are  less  compri'ssed, 
approaching  more  or  less  the  spluTJciil  shape. 

But  although  I  do  not  admit  that  unner  normal  conditioas 
of  function  Heidenhain's  theory  is  applicable,  I  do  not  say 
that  sucl)  is  not  the  case  under  curtain  abnormal  conditions. 
The  observations  of  Ileidnihaiu,  Boll  and  havdowaliy  leave  no 
doubt  that  if  the  gland  is  esliausted  by  a  loug-continued 
stimulation,  the  alveoli  assume  a  uniformity  of  structure,  all 
the  cells  appearing  of  the  nature  of  the  "  granular  "  cells  of  Iho 
crescents.  Hoidenhairi  explains  this,  as  staled  above,  by  saying 
that  idlthe  mucous  cells  having  been  destroyed  the  parietal  cells 
have  to  make  up  for  them.  Lavdowsky,'  on  the  other  hand, 
shows  that  (his  is  partly  due  to  the  mucous  cells  changing  into 
small  "  granular "  elements,  and  partly  to  a  new  formation  of 
such  cells  A-oui  tlioao  of  the  crescents.  That  the  alveoli  in  a 
young  condition  cuntaiu  only  "grauular"  cells,  some  of  which 
change  iulo  mucous  cells,  tbis  I  have  mentioned  above,  and 
from  this  experience  1  am  not  at  all  disinclined  to  accept  the 
eXfUnation  of  these  authors,  if  it  can  be  shown  that  the  mucous 
e  destroyed  in  great  masses.  As  far  as  my  experience 
I'tf  glands  in  normal  function,  I  have  not  seen  any  mucous 
JI^BUging  into  cells  that  at  all  look  like  the  parietal  cells, 
9  fcr  tills  reason  I  cannot  accept  the  force  of  the  ailment  of 
Ewild,  who  bv  a  process  of "  mucous  abstraction  "  tries  to  render 
the  mucous  cells  similar  in  apiieaninoe  to  the  parietal  cells.  Gwald'a 
experiments  do  nut  aeem  to  mo  to  prove  at  all  that  Heideiih^^f' 
explanation  is  not  correct,  for  Kwald  does  not  te!!  ua  that  he  ^^ 
saw  iu  any  phaw  of  the  serretion  the  mucous  celts  actnally  I 
into  "  gnimlar"  cells  siniilar  to  those  of  the  citscetits. 
'  L.C.,  p,33li. 
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I  Mid  aboTB  that  the  coodition  of  "  exhaustion  "  (Heidenhain 

I  Lanlovtkf )  of  the  submaxillary  gland  of  dog  is  an  abnormal 

liusmncfa  aa  in  the  ordinary  process  of  function  no  such 

B  is  B»PT  observed  as  that  described  and  figured  by  tlieae 

To  produce  that  condition  Lavdowsky  liad  to  stimu- 

■  rl«ctricall7  the  secretory  nerve  (the  chorda  in  the  case  of  the 

laiillary  giand,   the  n.  buccinatorius  in  the  case  of  the 

U  gtaiid)  from  three  to  seven  hours  and  more,  a  proceeding 

!i  ua  no  parallel  in  the  normal  function  of  these  glnnds, 

I  /•  man. — 1  possess  a  good  many  preparations  of  suh- 

rods  of  children  that  died  in  the  course  of  scarlatina, 
were  obtained  very  shortly  after  death,  and,  after 
;  bc^n  hardened  in  spirit^  irere  found  in  an  excellent  con- 
.     Aa  1  described  in  my  paper  on  the  "Anatomy  of  Scar- 
I,"'  the  iut«tlobular  tissue  contains  accnmulations  of  lymph 
,  ■  c»n  of  interstitial  intlammntion ;   but  besides  this,  in 
I  of  w  glands  the  gland  structure,  both  of  alveoli  and 
^,  appevs  normni,  the  gland-cells  in  their  mutual  relativn 
diftueteets  of  oDihue  being  perfect.     I  shall  refer  in  the 
MIoviDg  to  these  glands  only. 

«.  lii  Kdions  through  the  submaxillary  gland  of  a  child  aged 
i,veBiid — atnong*!  the  great  mass  of  lobules  the  alveoli  of  which 
m  lined  with  mon"  or  lew  distinctly  columnar  "granular"  cells 
nih  A  round  nuclras  in  the  outer  part,  i.  e.  true  salivary  cells — a 
If«  lobnlra  much  larg<^r  than  the  others,  in  vhich  the  alveoli  are 
lined  with  tnneous  celU,  t.  e.  columnar  transparent  cells,  the 
ancinta  of  each  cell  being  more  or  less  compressed  and  situated 
w  Uic  otttennuet  part  of  the  cell.  The  alveoli  lined  with  mucous 
nfis  m  Urger  than  the  others,  oning  to  the  lumen  and  the  cells 
Wiog  lar^r.  The  rrlatively  great  amount  of  connective  tissue 
•mnatioff  tbr  lobules  enables  us  to  trace  the  outUnes  of  the 
iimdw  lobules  with  far  greater  facility  than  in  the  dog. 

d.  In  *  B^d  uf  a  child  aged  %,  I  found,  on  the  other  hand, 
owy  Woe»  of  mncoas  gland  stmctiue,  these  being  reduced  to  a 
in  granps  of  •  very  limited  nnmbcr  of  alveoli  lined  with  mucous 
cdb,  ttttcnpetsed  amoneat  the  bulk  of  lobules  composed  of 
•dnrv  claod  ti.tiue.  'Ine  cells  of  the  latter  are  columnar 
"psAskr  "  «ll^  <ritb  a  round  nucleus  in  the  outer  third,  end 
wt  atraogrd  around  a  small  lumen. 

T-  Id  a  gland  of  ■  child  aged   12,  I  find  no  trace  of  any 

mili  lincii  with  mucous  celts;  the  lohules  are  all  uniformly 

\  of    alvefiti   lined   with    beautiful   columnar  cells  of 

'  protoplasm. 

u  *e  nam  cxftmiae  more  car&fully  in--the  fir«t  case  the 


i 
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lobules  containing  mucoos  gland  stmctare,  we  ascertain  with  un- 
mistakable clearness  that  the  alveoli  lined  only  with  mucons  cells 
are  directly  continuous  with  alveoli  lined  for  a  greater  or  smaller 
section  with  granular  cells^  the  rest  being  mucous  cells,  and, 
further,  with  alveoli,  which  are  altogether  lined  only  with 
granular  cells.  Those  alveoli  that  are  only  partly  lintsd  with 
granular  cells  resemble  in  many  instances  the  alveoli  of  doff^s 
submaxillary  gland,  viz.  the  central  cells  being  mucous  ceUs, 
whereas  the  granular  cells  form  the  crescents.  That  alveoli 
of  this  kind  are  directly  continuous  with  such  that  are  lined  ex- 
clusively with  granular  cells,  of  this  I  have  convinced  myself 
quite  positively.^  It  is  hardly  necessary  to  add  that  the  last* 
named  alveoli  are  smaller  than  the  others. 

I  have  been  able  to  confirm  this  observation  made  on  Case  a, 
also  in  Case  /3.  In  both  instances  I  find  in  those  alveoli  that 
are  lined  with  mixed  epitheUum  the  mucous  cells  possess  a  nucleus 
less  compressed  and  not  so  close  to  the  membrana  propria  as  in 
the  alveoU  that  are  lined  only  with  mucous  cells. 

That  the  intermediary  forms,  previously  stated,  are  not  due 
merely  to  different  stages  of  development  of  mucous  gland-struc- 
ture, as  in  the  submaxillary  gland  of  half-grown  dog,  but 
probably  to  different  states  of  function,  is  shown  in  Cases  (i  and 
y,  which,  although  belonging  to  older  individuals,  show  less  of  tie 
mucous  gland-structure  than  in  Case  a. 

We  are,  then,  led  to  the  conclusion  that  there  exists  an 
intimate  relation  between  the  gland-structure  lined  only  with 
"granular*'  cells  and  such  with  only  mucous-cells.  Boll,  in  the 
above-named  work,  stated  that  in  the  submaxillary  gland  of 
guinea-pig  the  alveoli  are  either  lined  by  mucous  cells  or  by  pro- 
toplasmic "  granular ''  cells,  and  he  concluded  that  whole  lobules 
are  capable  of  being  transformed  into  mucous-secreting  struc- 
tures. The  submaxillary  gland  of  dog  is,  according  to  the  same 
author,  the  one  extreme ;  that  of  the  guinea-pig,  in  which  all 
alveoli  are  lined  by  'Agranular''  cells,  is  the  other  extreme;  that 
of  man  is  intermediary  between  the  two. 

Lavdowsky  denies  this,  and  maintains  that  the  two  structures, 
— viz.  alveoli  lined  with  mucous  cells  and  such  lined  with 
"granular''  cells — are  entirely  independent  of  each  other,  and 
are  only  co- existing  side  by  side,  as  is  the  case  in  the  submaxil- 
lary gland  of  man,  or,  as  is  still  more  evident,  in  the  root  of 
tongue,  where  we  find  side  by  side  both  varieties  of  gland- 
structure,  viz.  serous  glands  and  mucous  glands  (v.  Ebner). 

^  The  examination  on  this  point  is  greatly  facilitated  by  the  distinctness 
with  which  we  are  enabled  to  trace  what  belongs  to  one  and  the  same 
lobule,  owing  to  the  fact — as  above  mentioned — of  the  presence  of  consi- 
derable masses  of  connective  tissue  between  the  lobules. 
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^^^^^^■1' experience  of  human  submaxillar;  gland,  above  de- 
IHSHH|nm  in  sgrMment  with  Boll  and  in  opposition  to 
p4BHnl^;  hvl  (liifering  from  Boll,  1  assume  here  Dot  only  a 
'  dmige  of  the  ^Ireolt  lined  with  granular  cells  into  such  as  are 
lad  vitb  mntous  cells,  but,  vice  verttt,  a  change  of  mucous  cella 
nio  "  granolai "  ceils. 

Wheuer  in  niT  cases  this  change  is  observable  in  the  abso- 
Islefj-  Bonnai  gUnd  under  uormal  conditions  of  function,  or 
fbether  it  is  found  only  so  in  consequence  of  prolonged  secre- 
^ — in  the  cues  of  scarlatina,  from  which  the  above  glands 
^^|p  dertrcd,  there  was  a  considerable  amount  of  throat  affec- 
^^^E«od  hcace  moat  likely  a  prolonged  secretion  of  all  glands 
W^Kbtg  inlu  the  oral  cavity — must  be  determined  by  further 
I     tBtotindoiu. 

fs  the  lobar  tloct^  of  the  human  submasillary  gland  we  find 
tKit  the  epithettam  is  composed  of  a  superficial  layer  of  beau- 
tifvl  colatnnar  epithelial  cella  and  a  deep  layer  of  small  cells,  the 
(DRiKr  possess  very  elongated  nuclei,  the  nuclei  of  the  latter 
banc  OTaL  'lite  nuclei  of  both  contain  a  uniform  network  of 
fibnUi  with  the  nsual  bright  dots  in  the  nodes,  but  no  large 
Mrtiela  comparable  to  a  nucleolus.  The  columnar  cells  show  a 
(btiDct  bright  striated  border  like  the  epithelial  cells  of  intes- 
tine, only  not  to  broad,  and  I  have  ascertained  that  also  in  the 
ditcU  of  the  submaxillary  gland  the  bright  border  has  nothing  to 
ia  with  the  striation,  the  former  being  sometimes  abaent,  and  the 
httcT  caa  then  be  made  out  as  being  due  to  the  ends  of  longitudinal 
ilmli,  of  which  the  cell-substance  appears  chiefly  to  be  made  up. 
But  we  find  also  here  on  close  inspection  that  these  fibrils  form 
1  network. 

The  lobular  ducts  possess  the  same  rDd-epithelium  as  in  the 
wfamaxilUry  gland  of  dog. 

4.  THo  EpilkeUat  Cella  of  Mucout  Glands. 

The  gUnd-tubes  [Puky  Akoa')  of  mucous  glands  are  usually 

described  aa   possessing  a  relatively  large  lumen,  lined  by  more 

or  las  granular  cellr,  whose  nucleus  is  in  some  glands  round, 

■nil  ntuatrd  in  the  outer  part  of  the  cell,  in  others  it  is  very 

Et,  being  much  compressed  and  close  to  ihc  mcmbrana 

Jcidenhain,  on  the  occafion  of  his  investigations  of  the  eub- 

0Ury  ^Und  of  dog  (Inc.  cit.)>  pointed  out  that  this  gland  is 

r're*pects  ximilar  to  the  ordinary  mucou« -secreting  glands 

t  part*,  for  he  found  also  in  &uiuc  of  these  a  distinction 

A'cen  pfthetal  "granular"  celU  and  central  mucous  cells.     In 

FnmcoOB  gUnils  of  the  lip  of  man  and  rabbit,  in  those  of  the 

■Siua&g*l|.d.k.  Akad.  d.  Wva..'  Band.  GO,  >1,  ISOU- 


I 


150  Dm,  s.  KUiv. 

larynx  of  dog  tnd  rablHt,  this  author  feond  beiidei  alfeoli  oon- 
tammg  nmooua  and  "  grmnnkr '^  eeOa  abo  audi  tint  are  lined 
with  mil  J  ^'gnnolar"  oelb. 

T.  Ebner^  inrestigated  the  mocons  ^ands  ci  the  tongue  of 
man  and  the  raiions  domestie  animals,  and  he  fioiind  thit  the 
alreoli  are  lined  with  ^assj  colonmar  odls  of  a  giannlar  contents, 
which  is  mncons;  the  nndeos  is  generally  indistinct^  but 
after  reagents  b  seen  as  a  small  romidish  or  elliptical  flattened 
body  next  the  membrana  propria.  This  anthor  mentions  a  dif- 
ference between  the  mucous  glands  of  the  tongue  of  camirorous 
aninuds,  on  the  one  hand,  and  those  of  the  tongue  of  rabbit 
and  guinea-pig  on  the  other,  consisting  in  the  presence  of  cres- 
cents in  the  former;  in  the  latter  they  are  absent.  But  t.  Ebner 
adds,  that  these  crescents  are  not  comparable  to  the  groups  of 
granular  cells  in  the  submaxillary  gland  of  d(^,  which  Heidenhain 
spoke  of  as  forming  the  crescents,  but  that  they  correspond  to 
thickened  (nucleated)  parts  of  the  membrana  propria,  i. « •  to  what 
Boll  (ioc.  cit.)  mentioned  as  ''crescent''  in  the  submaxillary  gland. 

Tarchetti^  describes  in  the  mucous  glands  of  the  trachea  two 
distinct  forms  of  gland  cells ;  one  corresponding  to  mucous  cells, 
the  other  to  the  more  opaque  protopU^mic  parietal  cells ;  the 
latter  in  some  places  completely  occupy  parts  of  the  alveolus, 
in  others  they  are  reduced  to  "  crescents/' 

Ladvowsky  examined  the  mucous  glands  of  different  regions 
(oral  cavity,  larynx  and  pharynx),  and  he  describes*  the  changes 
they  undergo  when  their  secretory  nerves  are  subjected  to  stimu- 
lation (electrical  or  chemical).  These  changes  are  in  all  respects 
similar  to  those  that  he  found  in  the  submaxillary  and  orbital 
glands,  subject  to  the  difference  that  the  above  mucous  glands  do 
not  contain  any  (protoplasmic)  parietal  cells.  The  changes  are 
these :  the  nucleus  becomes  rounded  and  enlarged,  then  the  sub- 
stance of  the  mucous  cells  loses  its  mucous  character,  "  owing  to 
the  increase  of  their  protoplasm ;"  the  cells  become  gradually 
smaller  and  granular.  In  consequence  of  this  alone  the  alveoli 
become  smaller. 

I  have  examined  mucous  glands  in  man  and  the  domestic 
animals  of  different  parts  of  the  body — tongue,  palate,  pharynx, 
cusophagus,  larynx  and  trachea,  and  I  have  arrived  at  the 
conclusion  that,  as  in  the  submaxillary  gland  of  dog,  the  gland 
cells  possess  different  morphological  characters  during  rest  and 
secretion,  which  (characters)  in  some  respects  correspond  to 
those  mentioned  by  Heidenhain  and  Lavdowsky  of  the  mucous 
glands,  but  in  other  respects  differ  from  them. 

a.  In  the  dog. — If  the  mucous  glands  of  the  tongue  or  oeso- 

^  L.  c,  p.  19. 

^  *  Rivista  di  Medicina/  &c.,  December,  1874. 

»  L.  c,  p.  335. 
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fiag"  ^  exUnined  in  sections  of  specimens  hardened  in  spirit 
utditiiDed  in  lo^ood,  it  will  be  seen  that  the  cells  lining  the 
tltrab  MT  bniulifu!  coloinnar  cells  having  almost  the  same  size 
istlie  time  aireolus ;  these  vary,  however,  amongst  each  other, 
fcXh  t»  ivgArds  the  diameter  of  their  lumen  and  the  lining  cells, 
uTJII  be  mcDtioued  below.  The  cells  are  in  all  cases  open, 
tbdr  frte  fiorfocc  not  being  covered  by  any  membrane.  They  con- 
tvD  m  nqabitcly  hEnutiful  network  ot  fibrils  which  uniformly 
pervades  the  cell  substaut^c,  and  which  cun  distinctly  be  perceived 
rth  tnai  a  D  of  Xtiss,  or  \  of  Crouch  (see  fig.  i,  Plate 
TQ).  In  Bome  alveolil  can  dislingaiah  also  here  an  inner  more 
loagitudinally  striated  part  from  an  outer  one  with  a  uniform 

|***~tk,  bnt  Uk-  number  of  such  cells  is  relatively  small,  and 
ic  met  with  only  in  alveoli  in  which  no  actual  secretion  is 
on  (see  below).  When  viewing  the  eelis  from  the  surface, 
.  when  viewing  the  mosaic  formed  by  the  ends  of  the  cells 
iMtvork  is  equally  distinct.  Some  of  the  cells  like  those 
cabnuuillary  gland  possess  a  process  with  which  they 
ibricat«d  on  the  membraiia propria.  The  nucleus  is  recog- 
u  a  shrunken  deeply-stained  body  pressed  against  the  mem- 
Inu  propria,  and  situated  usually  in  one  of  the  corners  of  the 
aO,  that  is  to  «sy,  the  cells  resemble  goblet  cells.  When  viewed 
Inm  the  stirfaci:  the  nucleus  appears  more  or  less  rounded  in 
ifanKi  and  in  some  instances  contains  a  uniform  network. 

lite  membrana  propria  of  the  alveoli  is  very  distinct.     In  out 

netkma  it  appears  as  a  brip;lit  membrane,   with   staff-shaped 

Bni-lei  from  place  to  place.      The  membrane  being  thicker  where 

■    111-)',  wc  obtain  the  appearance  of  attenuated  "cre- 

ii  its  described  by  Boil  in  the  submaxillary  gland,  and 

,    jt-il  abovej  found  also  by  von  Ebner  in  the  glands  that 

ir  arc  iiisiing  with.     Such  is  invariably  the  character  of  the 

c^  and  mt-mbrana  propria,  no  matter  in  what  state  the  gland 

■,  m.  wbc-lhcr  filled  with  mucin  or  not.     The  following  two 

^^■^itionn  of  the  alveoli  and  tubes  of  the  gland  of  the  tongue 

^^^^  noticed: 

^^^M  The  ccUs  lining  the  alveoli  do  not  contain  any  mucin,  the 

^^Hnbrfnar  nr  inlerstitinl  hyaline   substance  (contained  in  the 

^^Ka.  ■;,  I   remaining  unstained  in  hormatoijlin,  but 

Ih*  .  -linct.     iTie  lumen  of  the  alvcolt  and  ducts 

i»  H  differ  in  size  to  a  considerable  extent: 

1  lum.  in  diameter,  and  a  lumen  of  O'Ol  mm., 

piiii  tJjat  iiuMfaurc  U'U&4   mm.  in  diameter,  and  0-013    m 

..    The  length  of  the  cells  varies  between  0015  to  0-03 

(()  The  cclLi  are  filled  with  mucin ;  they  stain,  therefore, 

e  or  lia«  deep  puriilcblue  tint ;  so  do  &lso  the  contents  of 

I  of  the  >lnoli  and  ducts,  these  contain  the  same  sub- 
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sUnee,  •'.  e,  miftcm.  Tbe  edk  Iming  the  alveoli  aie  longer ;  this  is 
tlie  more  prmoaneed  the  mofe  distiiictly  they  stain  in  Ic^wood, 
I.  e.  the  more  mndn  thej  contain.  In  some  alveoli  the  Inmen 
is  enlarged  owing  to  the  presence  of  a  great  mass  of  mncinj  and 
in  this  instance  the  diameter  of  the  alveolos  as  a  whole  is 
naturally  greater.  I  see  no  difference  as  r^jards  distinctness  of 
the  intraoellalar  network,  the  shape  and  position  of  the  nucleus^ 
and  the  distinctness  of  the  membrana  prc^iia  with  its  nuclei  in 
the  above  two  states. 

Thus,  jnst  as  in  the  sabmaxillarj  ^and  of  di^  we  see 
also  hoe  that  under  normal  conditions  two  different  states 
are  to  be  distingnished :  (a)  one  where  the  ^and  cells  con- 
tain in  the  meshes  of  the  netwoik  a  homogeneous  substance 
c(»icspondingy  not  to  mudn,  but  to  mudgen;  this  is  the  state 
of  rest ;  and  (i)  a  state  of  secretion,  when  the  gland  cells  increase 
in  siie  owing  to  the  change  of  mndgenous  substance  into 
mucin,  but  tbe  intracellular  neiwoik  remains  otherwise  unaltered. 
Lavdowskj  (L  c.)  showed  us  in  addition  to  these  two  states  a 
third  one,  which  does  not,  however,  occur  under  ordinaiy  normal 
conditions,  1. 1.  (c)  a  state  of  exhaustion,  when  the  cells  decrease 
again  in  siie,  becoming  at  the  same  time  more  ''  granular,"  and 
their  nucleus  more  sphericaL  According  to  my  view  of  the  struc- 
ture of  the  gland  odls  this  b  not  due  to  an  increase  of  the  net- 
work (protoplasmic  part,  LaTdowsky),but  merely  to  an  exhaustion 
of  the  mudgenous,  /.  ^.  interstitial,  substance. 

Preci^elT  the  same  ito  state:?  that  we  noticed  in  the  normal 
gl;\ud  or  the  dog  are  loiir^i  alio  in  the  glands  of  the  cesophagus 
and  larynx  and  soft  palate  of  the  same  animal.  There  are, 
however,  certa:::  didSfieiice:?  in  srruclore  in  these  different  glands 
which  it  is  necessarr  to  mention  here.  They  are  these  :  while 
the  alveoli  of  the  mucous  glands  of  the  tongue  possess  minute 
rudiments  oi  what  in  shape  corresponds  to  nucleated  crescents, 
but  what,  as  I  mentioned  in  conformity  with  v.  Ebner,  are 
merely  nucleated  parts  of  the  membrana  propria  (Boll) ;  the 
alveoli  oi  the  mucous  glands  of  the  oesophagus  in  the  dog  possess 
rtMl  pr^i oplasnuc  **  crescents/'  independently  of  the  membrana 
propria  and  the  mu:oi;s  cells  surrounding  the  lumen.  They 
are  granular,  nucleated  parietal  cells  in  the  sense  described  by 
Heidenhain  of  the  submaxillarv  crland.  Thev  are  not  verv 
numerous,  not  far  so  numei\>us  as  in  the  submaxillary  gland,  but 
suliicieutly  distinct  to  be  no:ict»able.  Thus  I  find  in  one  place  a 
"  crescent  "  that  measures  0'0.5S  mm.  from  one  pointed  end  to 
the  other,  and  OOOo  mm.  in  thickness — some  crescents  are  even 
thicker — and  in  it  live  oblong  nuclei ;  but  what  is  of  greater 
importance  is  that  outside  thTs  crescent  I  trace  very  clearly  the 
iiembraua  propria,  and  this  possesses  a  staff>shaped  nucleus  just 
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vfaere  it  embraces  the  "  crescent,"  so  that  the  two  structares,  viz. 
incmbruu  propria  with  staff-shaped  (profile  view)  nucleus,  iftid 
cretcent  composed  of  granular  uninuclear  cells,  are  here  seen  side 
1)T  lUe ;  and  we  arc  therefore  enabled  to  say  that  these  inijcous 
guada  posKM  granular  parietal  cells  just  like  the  submnxiltarj 
~'~Dd.  If  I  compare  alveoli  whose  mucous  cells  and  lumen  are  filled 
h  mucin,  with  alveoli  that  are  not  in  a  state  of  secretion,  1  do  not 
I  utr  perceptible  change  in  size  of  the  crescents ;  iu  the  sub- 
nilurf  ghuii  we  saw  that  their  size  is  increased ;  but  I  should 
klike  to  pronounce  definitely  on  this  point,  because  the  relatively 
'ill  noinuer  of  Ihe  crescents  is  not  very  favorable  for  determining 
';.  However  this  maybe,  there  is  at  any  rateno  eonspienoiit3itei&- 
I,  for  then  we  should  most  probably  not  fail  to  discern  it. 
Kocb  greater,  however,  than  in  the  (esophagus  is  the  number 
and  siw  of  the  "  crescents,"  composed  of  polygonal  granular' 
puieUl  eell«,  in  the  glands  of  the  pharynx  of  young  dogs,  in 
which,  ride  by  side  and  illreci/j/  cottliuuous   with  alveoli  con- 
Uining  a  fair  number  of  giannlar  parietal  cells,  there  are  others 
thkt  are  eniiretif  composed  of  granular  cells,  polyhedral  in  shape 
lod  possessed  of  a  rounded  or  oblong  nucleus.     Alveoli  of  this 
kind  are  smaller  than  the  ordinary  alveoli,  and  possess  either 
oaly  a  trace  of  a  lumen  or  hardly  any  lumen  at  all.     We  have 
hen  the  same  appearances  that  I  mentioned  on  the  occasion  of 
the  enbmaiiUar}'  gland  of  young  animals.     That  also  in  the  case 
of  the  pharynx  the  alveoli  composed  entirely  of  granular  cells 
rrpresent  a  stage  of  development,  and  are  not  alveoli  with  "  ex- 
'       xA  "  macus  cells  in  the  sense  of  Lavdowsky,  nor  alveoli  in 
li  the  mucous  cells  have  been  destroyed  and  replaced  by  the 
ictnl  cells,  is  proved  by  the  following  facts  : — (a)  They  are 
iiit  in  great  numbers  in  the  young  animal,  and  only  in  the 
pcripticra!  parts  of  the  gland-tubes;  [h)  they  are  con- 
id  both-wjth  tubes  in  which  the  gland  cells  are  in  a  state  of 
'y  and  with  such  in  which  these  arc  charged  with  mucin. 
>  Ui  the  epiglottis  of  the  dog  the  same  condition  obtains  as 
mrards  thi!  mucous  glands,  viz.  there  are  tubes  lined  with  weil- 
derdoprd  nmcoas  cells  differing  in  no  way  &oui  those  of  other 
aucoiM  glands ;  in  addilion  to  these  we  have  tubes  that  contain 
"ereacents"  of  graoakr  ctlla;  and  finally  in  connection  with 
theae  we  find  alveoli  which,  to  a  greater  extent  or  almost  entirely, 
caoiiat  of  "granular"  cells. 
J^H^^  the  trachea  of  cot  the  number  of  tubes  lined  only  with 
^^^^bglar  celU  nrmnged  round  a  distinct  lumen  is  very   great 
^^^Bi>d.     Ilie  ordinary   mncous   cells   are   in  this  animal   fine 
l^^^pmiuur  ceils,  which  differ  from  those  of  dog,  inasmuch  as 
^07*  1  BMd  hardly  repckt  that  their  lubataiice  it  not  id  tealil;  grRnulnr,  but, 
ta  to  tha  prarimis  tnitaneu,  ■  desM  nttwork. 
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their  nnckiia  is  not  con^Fraeed  and  aitiiatcd  so  dose  to  the 
membiane  propris,  heiog  s  sore  or  kas  wdl-diaped  spherical 
bodj  situated  in  the  outer  port  of  the  ceil  neor  the  membrane 
propna. 

(i)  Im  man. — ^The  mncoos  glands  of  man  whidi  I  had  the 
opportnnitjr  of  examining  are  those  of  the  t<mgiie,  palate, 
oesophagos,  larjnx  and  tradiea.  These  organs  were  obtained 
rerj  shortij  after  death,  and  in  some  instances  I  hsTe  snoeeeded 
in  obtaining  prepvations  vUch,  as  rmrds  the  preserration  of  the 
elements,  are  not  inferior  to  those  I  obtained  from  animals  freshly 
killed. 

In  the  glandi  oi  the  tongue  and  palate  we  find  the  same  rela- 
tions as  in  the  glands  of  dog,  both  as  regards  the  intimate 
stractnre  of  the  mncoos  cells,  and  also  as  regards  their  different 
stages  of  function.  The  alTeoli  in  the  hnman  moeons  glands  of 
these  organs  possess  no  real  "  crescents/'  Le,  noane  composed  of 
''granular^'  cells.  There  is,  ho we?er,  a  diflference  between  the 
mncoos  glands  of  man  and  d(^,  which  coni»sts  in  the  fact  that  in 
the  former,  when  in  the  state  of  rest,  the  nndens  of  the  mucous 
ceUs  is  not  so  compressed  and  not  so  much  pressed  against  the 
membrana  propria  as  in  the  latter,  being  more  rounded,  and  as 
in  other  columnar  epithelial  cells,  e.^.  intestine,  situated  in  the 
outer  portion  of  the  cell.  But  when  the  cells  of  the  human 
mucous  glands  are  in  a  state  of  secretion,  i.e,  when  the  cells  are 
larger  and  filled  with  mucin,  the  nucleus  resembles  in  its  com- 
pressed  shape  and  its  peripheral  position  that  of  the  mucous 
cells  of  the  dog's  gland  when  in  the  same  state. 

The  alveoli  or  gland  tubes  of  the  scarce  mucous  glands  of  the 
human  cesophagus  present  themselves  in  the  following  states : 
('/)  either  thev  are  lined  with  beautiful  columnar  cells,  which  on 
account  of  the  dense  nature  of  the  intracellular  network,  appear 
''  granular,^'  the  fibrils  having  however  predominantly  a  longitu- 
dinal arrangement,  hence  the  cell-substance  appears  more  or  less 
distinctly  longitudinally  striated ;  each  cell  possesses  a  spherical 
nucleus,  situated  in  the  outer  part  and  containing  a  uniform 
network.  (^J  Or  the  alveoli  are  lined  with  mucous  cells  of  the 
ordinary  description  with  a  nucleus  pressed  against  the  membrana 
propria ;  the  cell-substance  is  clear,  and  its  network  open 
like  that  of  ordinary  mucous  cells ;  we  notice  also  here  that  the 
network  has  a  different  arrangement  in  the  inner  and  outer 
portion  of  the  cell,  in  the  former  being  more  longitudinally 
arranged — hence  this  part  appears  longitudinally  striated, — ^in 
the  latter  the  network  is  more  uniform.  The  interfibrillar  or 
interstitial  substance,  i.e,  the  substance  contained  in  the  network, 
"  in  some  alveoli  a  clear  homogeneous  substance — mucigen ;  in 

lers  it  is  stained  deeply  with  hsematoxylin — mucin,  the  cell 
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beiog  UigfT  in  the  latter  case.  In  these  alveoli  also  the  lumen 
coDUins  macin.  (e)  Fiii.-Uly  tliere  are  ghnds  in  which  eome 
iItbdU  aic  lintd  at  the  aatne  time  with  granular  and  mucous  cells 
side  h^  «dc. 

A  mnihr  interesting  condition  ia  [iresented  by  the  mucous 
glai^  uf  the  bumaii  laiyns  imd  trachea,  especially  of  the  epi- 
^Uis,  when;  the  same  alveolus,  lined  both  with  granular 
x^Jmnnaf  cclls  and  mucous  celU  side  by  side,  is  the  couimon 
oceorraiec.     (See  also  Taichetti  mentioned  above. J 

Id  fig.  5  1  have  faithfully  represented  a  part  of  an  alveolus  of  a 
burhu  glkod  of  epiglottis  lined  by  "  granular  "  cells  and  mucous 
ftlhi  It  U  here  also  shown  that  the  "  granular  "  cells  possess 
a  itnated  border,  and  1  have  lo  repeat  here  what  1  have 
stated  already  several  times  before,  viz.  that  the  stride  are  due  to 
tlic  fibnla  of  the  cell-substance,  and  that  the  briglit  border- 
nibaUace  ia  independent  of  it.  If  n-e  place  side  by  side  the 
aperinice  thus  gained  in  the  examination  of  tlic  hnuian  epi- 
{lottie  anil  oesophagus,  we  are  led  to  the  conclusion  that  in  these 
tupai*  the  tflale  in  which  mucigen  and  mucin  is  present  in  the 
gliffj  cell*  is  preceded,  or  followed  respectively,  by  a  state  in  which 
the  eella  possess  the  satne  character  as  for  instance  the  epithelial 
ecfla  of  tne  intestine,  viz.  in  which  the  iuterlihrillar  or  interstitial 
fulHtiiice  is  prtaeot  only  in  au  infinitesimal  amount,  and  hence 
the  cloccDeM  of  the  network  and  the  granular  appearance. 
This  Goncspoads  very  probably  to  the  condition  observed  by 
lAvdowa^y  (!•  c.)  in  the  exhausted  mucous  glands. 

The  dnct*  of  the  glanils  of  Ihe  hnnitin  nsojilii^as  aro  in  their  deejier 
HctioD  lined  with  b  kjor  of  columnar  epitbelial  cells,  and  outside  this  a 
lijerof  iviU  pDljgDoot  cells ;  tlie  toiaitt  sliow  a  b«autiriii  longitud  nal 
ilristWB.  Tlie  same  ttruoiure  is  to  be  observed  in  tlie  columcar  cpitLclial 
n^  tininji  tbe  dads  of  the  glands  of  the  Immnu  larjoi  nod  tracbeB< 

Tlie  occurrence  of  the  columnar  "  granular  "  epithelial  cells 
oie  bj  side  with,  and  changing  into  the  mucous  cells  in  the 
ibods  of  the  epiglottis  of  man  shows  oa  the  identity  of  this 
i|:pearuic«  with  that  observed  in  the  intestine  (the  surface  of  the 

1  and  in   the  crypts  of  Lieberkiilm),  viz.  the  presence  of 

J  "  granular  "  columnar  epithelial  cells  side  by  side  with 

1  secreting  gobli-t  cells  and  the  convertibility  of  the  one 

I  t1)«  other.     That  the  mucous  cells  in  mucous  glands  arc 

itipal  ifi  fhspp,  structure  and  functiati  with  the  goblet  cells  of 

'  •    '    -11  mentioned  previously  more  than  once. 

this  chnpter  I  must  say  a  few  words  con- 
e>i,  '    glands  cf  the  tongue  treated  in  so  ex- 

tvj^r '  \i\    v.    Ebner    in    his    monograph    above 

quoted.  ITic  ul;md  cells  hning  the  nlveoti  nf  these  glands 
lie  BOt  oompoted  of  "  granular"  ptotogUam  as  represented  by 
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T.  Ebner,  but  show  a  very  beantifdl  and  denae  network  of  fibifla ; 
hence  tibeir  apparent  granulation.  Prepan^na  of  the  ^'papiUa 
foliata''  of  rabbit's  tongue  hardened  first  with  Mfiller^s  fluid  and 
then  with  meliiylated  alcohol,  as  also  the  parts  of  hnman  tongne 
containing  the  circomTallate  papillss  hardened  in  our  mixtnie 
of  chromic  acid  and  meth^L  aloihol  above  mentioned^  jidd  very 
good  results.  All  that  is  necessary  is  to  examine  a  very  thin 
part  of  a  section,  stained  with  Ic^ood,  with  a  good  high 
power.  It  will  then  be  also  noticed  that  the  nudeoa  does 
not  contain  a  'Agranular''  substance  nor  a  nueleolus,  but  a 
uniform  network  with  the  usual  dots  in  the  nodes.  The  intrum- 
clear  fibrils  can  be  traced  through  the*  membrane  of  the  nndeos 
into  the  intracellular  network.  At  the  same  time  we  notioe 
that  whereas  the  cells  lining  the  peripheral  alveoli  of  4be  lobulss 
in  the  serous  ghmds  of  rabbit  are  polygonal  as  stated  by  t. 
Ebner,  they  are  beautiful  columnar  cells  in  the  glands  of  man. 

&.  Tke  CelU  of  tie  Oland$  of  ike  Stomaek  and  tie  Duoiemm. 

In  this  paragraph  I  wish  merely  to  state  my  observations  as 
regards  the  structure  of  the  cells  lining  the  above  glands.  . 

(a)  l%e  glands  of  ike  fundui.—AA  is  well  known  from  the 
researches  of  Heidenham,^  Bollett'  and  others,  the  cells  oaDed  by 
Heidenhaiu  chief  cells,  by  BoUett  adelomorphous  cdls,  are  distin- 
guished from  the  parietal  cells  (Heidenhain),  or  delomorphous 
cells  (Eollett),  not  only  by  their  different  shape  and  position,  but 
also  by  their  different  aspect,  the  former  being  more  transparent 
than  the  latter,  which  by  their  "  granulation''  are  always  more 
conspicuous.  Examining  the  two  kinds  of  cells  in  the  glands  of 
the  fundus  of  man,  pig,  cat  and  dog,  in  the  fresh  state,  or  aft» 
maceration,  or  in  specimens  hardened  with  chromic  acid  and 
spirit,  I  find  that  the  substance  of  both  the  chief  cells  and 
parietal  cells  is  composed  of  a  more  or  less  distinct  network  of 
fibrils  with  this  difference,  that  in  the  latter  the  network  is  much 
denser,  hence  its  «  granular"  appearance.  And  also  the  nuclei 
of  both  show  a  uniform  network,  especially  the  nucleus  of  the 
parietal  cells  is,  in  this  respect,  of  a  very  regular  appearance. 
The  best  method  to  show  these  minute  structures  is  to  harden 
the  above  glands,  especially  of  doff,  first  in  a  mixture  of  chromic 
acid  (2  parts  of  i  per  cent.),  and  methylated  alcohol  (1  part) 
and  after  four  or  five  days  to  complete  the  hardening  in  methy- 
lated spirit.       Thin  sections  stained    m    hcematoxylin  show 

^  *  Archly  f.  Mikrosk.  Anat.,  Band,  vi,  p.  336. 

8  HeS'lS?''*^*'  "^'^'^^  ^''''  ^^  ''''^  ^^'  ''''^  ^"''**'*  'Unterauchungwi,' 
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thr  network  of  both  the  parietal  and  chief  cells  very  beautifully. 
Tie  ctucf  cells  contain  in  these  specimens  a  network  very  Bimi- 
br  to  that  JeacKbed  above  of  the  mucous  cells,  but  the  meshes 
of  the  network  are  not  quite  ns  large  in  the  former  as  in  the 
Utter.  Comparing  the  chief  cells  of  (he  fundus  of  stomach  of  a 
dog  kilktl  twenty-four  hours  after  partakiiig  of  food  (the 
iliiBurh  being  found  empty),  with  the  same  cells  of  a  dog,  about 
ihc  mux  age,  one  hour  afler  a  copious  meal  of  meat,  it  is  seen  that 
in  the  Utter  instance  ibey  are  larger  (Heideahain),  and  that  they 
lUiw  ibf  network  more  diilincl,  being  more  open  than  in  the  former. 

In  fiffurr  17  I  have  represented  the  appearances  presented  by 
llic  chief  tf:\h  and  parietal  cells  of  fundus  of  stomach  of  dog, 
the  atomach  having  been  hardened  in  the  above  mixture  of 
chromic  acid  and  spirit.  Aa  I  mention  in  the  explanation  of 
6gure  12  to  the  plate  vii,  accompanying  this  paper,  the  struc- 
tnnJ  appearances  presented  by  these  stomach  glands  are  in 
mao;  respects  similar  to  those  of  the  mucous  glandsof  pharynx  and 
nbtsauAary  gland  of  dog.  The  mucous  or  central  cells  of  the 
bltcr  Hiffer  from  the  parietal  ceils  of  the  "  crescents"  in  the  same 
as  Uie  chief  cells  differ  from  the  parietal  ceils  of  the 
,  viz.,  in  the  nature  of  the  intracellular  network. 

ne_  c|iiUieli>l  cells  lining  tbe  ciact  of  the  iieplic  glands  are,  duriug 


(b)  Tit  standi  of  the  pylorus. — Ebstcin'  has  shown  that  the 
celboDiDg  the  gland  tubes  of  the  pylorus  of  stomach  of  dog 
pocMSB  a  ditTcrcut  character  in  the  state  of  hunger  and  in  that 
4(  digestion ;  in  the  former  the  cells  are  of  a  clear,  iinely  granular 
nattent*,  their  nucleus  being  flattened  and  situated  next  the 
BumbraDa  propria,  in  the  latter  the  celts  are  shorter,  more 
opaqae,  and  Ibeir  nucleus  round  and  situated  more  towards  the 
coitTe  of  the  cells.  Ebstein  has  also  pointed  out  that  although 
th«  odU  ItRiDg  the  pylorus-glands  cotitaio  a  certain  amount  of 
Duau,  tbej  are  not  mncus-secreting  cells  like  those  of  the 
ordtnary  mnoons  gUuds,  with  which  they  have  generally  been 
oofltpared,  bnt  are  to  be  placed  in  the  same  category  with  the 
chief  cells  vt  the  glands  of  the  fondus.  Beutkowski'  confirms 
Ebrtdn't  observations. 

I  am  in  a  position  to  confirm  these  assertions  of  Ebst«in,  in 
H  fat  as  I  find  the  cells  lining  the  pyloric  glands  of  dog  pre- 
Riittng  two  iKffereiit  aspects  according  to  the  state  of  the 
ilomacb-  First,  tlie  r^Ua  are  found  to  be  transparent,  slender 
eolumsar  cells  with  a  cup-shaped  nucleus  pressed  against  the 

mbtana  propria ;  the  cell  substance  is  a  distinct  network  of 

"  ,  Uw  nusha  containing  a  clear  homogeneous  substance. 
'  Aicbiv  f.  Uikrosk.  Anstomie,'  Baod.  «i,  p.  GiS. 
■Medioia.  Zeituiig,'Nos.  14, U.  17 and  lg,lS76. 
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Secondly,  the  cells  are  considerably  shorter,  their  subslanoe  il 
close  network  of  Hbrils,  hence  theii  aspect  i^  more  granular  than 
in  the  former  state ;  their  nucleus  contains  a  uniform  Dotffork 
is  less  compressed,  but  not  quite  round,  and  is  shghtl/  more 
removed  from  the  membrana  propria  than  in  the  former  state ; 
this  second  state  ia  found  only  after  prolonged  secretion.  In 
both  stages,  however,  the  cell-substance  preseuts  more  or  less  a 
longitudinal  striation  owing  to  the  network  being  arranged  more 
or  less  longitudinally.  Unlike  Ebstein,  I  have  found  in  a 
good  many  glands  during  digestion  real  mucous  cells  as 
in  the  mucous  and  aubmaxillary  glands,  i.e.,  I  have  seen  the 
interfibrillar  or  interstitial  substance  staining  with  logwood  like 
mucin  does,  and  for  this  reason  I  think  that  these  cells  are  not 
quite  so  removed  from  mucous  secretion  as  Ebstein  stales.  The 
columnar  epithelial  cells  lining  the  ducts  of  these  glands  and 
covering  the  free  surface  of  the  mucosa  are,  during  digestion, 
loaded  with  mucin,  as  has  been  known  to  F.  E.  Scholtze, 
Ebstein  and  Watney.  In  the  dog  I  have  never  seen  them  other* 
wise  but  open,  and  I  agree  therefore,  with  P.  E.  Schultze  and 
Biedermann  against  Ebstein,  who  states  that  they  are  closed  in 
the  state  of  hunger,  and  is  therein  confirmed,  at  any  rate  for  the 
pylorus  of  rabbit,  by  Watney  (loc.  cit.,  p.  471).' 

In  my  article  on  "Stomach,"  in  Strieker's  'Handbook/ p. 
54S,  I  have  stated  that  neither  in  the  human  stomach  nor  in  that 
of  dog  do  I  find  such  a  definite  boundary  between  the  peptic 
and  the  pyloric  glands,  as  had  been  maintained  by  Henle, 
Kolliker,  Donders,  Leydig  and  others,  but  that  the  unbranched 
glands  containing  peptic  cells  merge  into  the  branched  glands  of 
Sie  pylorus  lined  with  eimple  columnar  cells.  These  latter  were 
then  always  described  as  the  mucous  glands  in  contradistinction  to 
the  peptic  glands  of  the  fundus.  Kotlett  (loc.  cit.)  has  con- 
tradicted that  assertion,  inasmuch  as  be  found  always  a  sharp 
contrast  and  boundary  between  the  two  kinds  of  glands. 
Ebstein  (loc.  cit.,  p.  517),  on  the  other  hand,  while  agreeing 
with  RoUett  that  the  mucous  membrane  of  the  regio  pyloria 
contains  o»/y  glands  that  are  lined  with  columnar  cells,  and  does 
not  contain  any  so-called  peptic  cells — i.e.,  cells  corresponding 
to  the  parietal  cclb  of  Heidenhain,  finds  in  the  stomach  of  dog 
a  small  region,  "  inlermediary  zone,"  in  which,  between  the  so- 
called  mucous  glands,  one  or  two  peptic  gland  tubes  may  be  met 
with.  This  zone  is,  according  to  Ebstein,  about  1 — 1'5  centio. 
broad,  and  lies  just  where  the  brownish  mucous  membrane  of  the 

'  I  agree  with  Watner  that  tlie  nuclei  are  in  do  stage  of  iJigetUoD  so 
round  u  represeated  by  £bstein,  ftt  sn;  rate  not  over  very  largo  ^UofUw 
stomach,  nitliough  I  tiiiuk  Wetnev  goes  too  far  in  sajifig  lliat  Ihey  are 
aliB/iyi  iliaeoid,  i,  *.  cougresaod ;  iiiis,  altiiough  true  lot  specinieiu  i«I«- 
pued  wiili  diromic  aoid,  la  not  applicable  lo  spiiiUspccimena. 
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mdtia  oootnst  with  the  pale  membrane  of  tbe  pyloric  region. 
Wn  flxunised  careftUly  this  intermediarj  zone  of  Ebsteia  iind 
'«  BtMt  h  iiin  the  stomach  of  dog,  and  I  must  more  than 
iotain  my  original  assertionj  viz.  that  in  these  parts  the 
b  kind*  of  glands  merge  into  one  another. 
EVheD  approaching  the  pyloric  region,  we  find  the  peptic 
""»  considerably  altering  their  appearance.  (a)  The 
led  stomach  pita  or  duels,  lined  b;  the  same  slender  col- 
nmiur  epithelium  as  tbe  free  surface,  become  considerably 
locgcT;  while  their  length  in  the  peptic  glands  of  the  fundus 
ia  moft  cases  amounts  to  about  01  mm.,  and  only  rarely 
exewds  0*15  mm.,  we  find  them  near  the  regio  pyloria  as  long 
n  0'28  mm.     The  longest  ducts  of  the  mucous  glands  of  the 

Sflorie  Rgion  when  measured  in  a  section  cut  exactly  vertically 
D  not  unouDt  to  more  than  U'3  to  0'3S  mm.  80  that  we  hove 
tlie  ducts  Rndually  increasing  from  a  length  of  about  O'l  mm. 
ia  tbe  fonaua  to  0'2S  mm.  near  the  pyloric  region,  and  to  0'3 
and  0'35  turn,  in  the  pyloric  region  itself. 

(A)  1b  proportion  as  the  ducts  increase  in  length  the  rest  of 
tbe  gland  tuM  decreases. 

{e)  Whertas  in  the  fundus  the  peptic  gland  tubes,  except  the 
doKMrt  Mctioo  which  is  more  or  less  curved  and  beat,  are  little 
dcTialiiig  from  what  can  be  fairly  described  as  a  straight  course 
TCttial  to  the  surface,  we  find  them  near  the  pyloric  region  very 
emtly  bent,  and  what  I  must  specially  accentuate,  o/ien  branched 
iBto  two  or  three  tubes ;  this  is  the  case  not  merely  in  the  deepest 
portioiL, — for  a  branched  condition  of  this  is  occasionally  met 
wtfb  also  in  the  fundus, — but  as  in  the  pyloric  glands  at  any 
pent  of  the  gland  tub<?. 

(d)  1b  looking  tbrouch  specimens  made  from  parts  near  the 
iubuiuediwy  xone,  we  find  the  greater  majority  of  the  gland  tubes 
of  the  tune  brudtb,  including  tbe  same  small  lumen,  and  pre- 
MBling  the  same  distinction  into  chief  cells  and  parietal  cclb, 
ad  abo  the  same  distribution  of  these,  as  in  the  gland  tubes  of 
^  fimdni.  But  we  find  amougst  these  several  instances  where 
the  ^ead  tube*  approach  thoite  of  the  pyloric  region,  beini/ 
Wttk  kn»itr  aud  eomtMHinj/  a  miteA  larger  lumen,  presenting, 
iammtr,  aliUadUlimeiiom  iHio  chief  cell*  and  parietal  celU,  with 
tbe  £Bmat»  tbat  these  latter  are  comiderably  tcarcer  than  in 
tbe  otber  peptic  glands.'  This  change  in  tlie  size  of  tbe  tube 
nd  he  lunira  u  to  Ik  noticed  first  in  the  deepest  parts  of  the 
^mdif  eod  I  have  sercral  instances  before  me  where  the  breadth 
1/  tbe  lobe  and  its  lumen  arc  not  a  shade  smaller  than  in  those 
of  tbe  pyloric  glands.  As  is  well  knowt],  the  comparatively 
9w«U  (L  e.)  urited  st  aumiltr  conduMou  iullicciaiuimiliuu  of 
k  ti  dog  aikd  pig. 
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narrow  body  and  small  lumen  of  the  peptic  glands  of  the  fus 
of  dog's  stomach  form  a  very  marked  contrast  with  the  brosd 
tubes  and  large  lumen  of  the  so-called  mucous  glands  of  th  e 
pylorus  of  the  same  animal,  and  for  this  reason  the  above-named 
change  of  the  tubes  in  these  characters  is  of  importance. 

(e)  In  this  I  do  not  refer,  like  Ebstein  (I,  c.),  to  the 
I  of  "a  few  peptic  gland  tubes  amongst  a  series  of 
'  ."  but  to  a/em  hroad  iudea  wilk  targe  lujnen  lined 
with  columnar  epithelium  and  containing  ottlf  a  few  parietal  celU, 
amongst  a  majority  of  ordinarif  peptic  gland  tubes.  These  broad 
tubes  resemble  the  tubes  of  the  pyloric  glands  in  eveir  respect; 
they  are  branched,  and  their  columnar  epithelium  lining  the 
broad  lumen  in  no  way  differs  from  that  of  the  above  glands ; 
and  if  it  were  not  for  the  facts  (a)  that  we  still  find  a  few  parietal 
celb,  and  {b)  that  towards  tlie  neck  they  pass  into  a  narrow 
gland  tube  with  small  lumen  and  a  goodly  number  of  parietal 
cells,  we  could  not  distinguish  them  from  the  tubes  of  the  mucous 
glands. 

The  preparations  to  wbich  I  bete  refer  were  bardened  in  tbc  mixture  of 
chromic  acid  and  spirit  mealioued  several  times;  the  lumen  of  the  peptic 
glkod  is  lined  with  cells  lehick  in  all  reapecU  reiemile  those  linittg  lie 
Uieio/  tie jylorie glaiulg,  i.e.  trajisparent  columnar  cells  with  the  charsc- 
teristic  cup-shapGd,  i.  e.  compresseil  nucleus  close  to  the  meoibrana  propria, 
in  this  I  see  a  fact  in  support  of  Ebatein'a  theorj  of  the  identity  of  the 
chief  cells  of  the  peptic  glands  with  the  cells  lining  ihe  pjlotic  glands. 

I  have  before  me  a  specimen  in  which  I  find  the  following  con- 
dition :  a  very  large  duct — 0'&8  mm.  broad  and  0'28  mm.  long — 
branches  into  four  tubes,  two  of  them  differ  in  no  way  from  the  other 
peptic  glands  present  in  the  vicinity ;  they  are  relatively  narrow, 
have  a  small  lumen,  are  somewhat  convoluted,  and  present  the 
usual  number  of  parietal  cells.  The  other  two  are  exactly  like 
them  in  the  neck  and  the  beginning  of  the  body  of  the  tube, 
but  in  the  deeper  part  they  differ  inasmuch  as  both  are  very  much 
broader ;  one  of  them  (No.  3j  is  just  as  broad  and  its  lumen  just 
as  large  as  a  gland  tube  of  the  pylorus ;  and  the  other  (No.  4)  is 
somewhere  between  the  ordinary  peptic  and  pyloric  gland.  And 
in  conformity  with  this  alteration  we  find  also  in  No.  S  neryfeiB 
parietal  cells — I  count  two  parietal  cells  only  from  the  neck  to 
the  fundus  of  the  tube.  In  No.  i  they  are  more  numerous,  bnt 
considerably  fewer  than  in  Nos.  1  and  2,  ~ 

Thfl  breadth  of  tube  No,  1  or  2  does  nowhere  exceed  0*013  , 

lumen  is  liatdlj  meniurable  with  an  Ob.  7  of  Hartnaok  i  in  tube  No.  S  . 
breodtb  of  the  tubs  is  0-07  mm.,  and  the  lumen  0'013,  i.  e.  the  lumen  dl 
big  ia  No.  3  as  the  whole  tube  in  Nos.  1  and  3. 

After  these  facts  I  am  justitied  in  saying  that  the  two  kinds 
of  glands,  viz,  the  peptic  glands  of  fundus  and  the  i 


—nds       , 
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eUnds  of  the  authors  (single  peptic  glanda  of  Ebstein) 
the  pjioric  region  of  dog  merge  into  one  another. 

(C )   TAe  glandt  of  BrunnfT.  i 

I  fallj  Agree  with  those  observers  who  have  maintained  the   | 

I  tax  nJnilantT  in  appearance  of  the  cells  lining  the  glanda 
Branner,  and  those  of  the  pjloric  end  of  the  stomach  (Schwalbe,' 
in,*  Wntnej*) ;  and  1  can  likewise  confirin  the  assertion  of  Co- 
|U*uid  Witnej^  as  to  their  nnatoraical  continnity,  or  rather 
p  gradual  tiansitioQ  of  the  pyloric  glands  into  the  glanda  of 
muter  io  the  duodenDm.  Aa  regards  the  minute  relations  of 
p  cell*  of  the  latter  glands,  I  should  especially  refer  the 
ider  to  Schwalbe's  exhaustive  paper.  Like  Hirt,  I  know  two 
•tags  of  the  cells  lining  these  gland  tubes  (Schlenimer''J  (o)  one 
in  which  the  cells  arc  thin,  long,  columnar  cells,  open  at  their 
&«  end;  their  substance  is  transparent  and  containing  a  net- 
wxttk  of  fibrils  irith  more  or  less  open  meshes;  the  nucleus  is 
aq»-slt»ped  and  pressed  against  the  membraua  propria  j  and 
(1)  aootber  stage,  in  which  the  cells  appear  shorter  and  thicker, 
the  oetwork  of  their  substance  very  close,  so  that  this  appears 
ftfry  "  grasolar,"  the  nucleus  round  and  near  bat  not  quite 
doK  to  the  membraca  propria.  In  both  states  the  cells  appear 
kKu^tadtiially  striated,  but  especially  so  in  the  latter.  In  "_ 
aaa  7  I  have  represented  these  two  states,  and  thedifference  appears 
■nBident];  clear.  But  just  as  in  the  case  of  the  pyloric  gtnnds, 
so  alK  here  the  state  b  does  not  correspond  to  the  state  of  secretion 
m  the  sense  named  by  Ebsteio  for  the  pyloric  glands,  and  by 
Qirt  for  the  Bnmner's  glands,  but  rather  to  a  state  after  pro- 
longed secretion  or  exhaustion,  for  during  the  first  hour  or  two 
after  taking  food  and  in  the  state  of  hunger  the  cells  always  pre- 
Kot  the  appearances  described  above  sub  a. 

In  pr^iarations  prepared  with  spirit,  provided  the  cells 
preseut  themselves  in  state  b,  i.e.  with  a  spherical  nucleus,  we  find 
m  many  nuclei  one  or  two  large  bright  jmrticles — nucleoli — in- 
cluded to  the  intranuclear  network.  With  a  high  power  I  am  . 
sble  to  trace  that  these  large  particles  are  not  simple  structuies, 
bat  represent  a  shrunken  part  of  the  network. 

6.   The  Liver  Cells. 
Am  I  akentioii»d  Jn  the  first  part  of  this  paper,  KupiTei'  had   I 
■  'AitklT  t.  mikr.  Anatom,,'  Banil.  liii,  p.  133. 

*  In  a  letter  b;  Prof.  HciilcDbain  lo  the  Editor  o(  tbe  'Atcliiv  f.  mikr. 
Asalom.,'  Itand.  viii.  p.  979. 
»  L.  e„  p.  *77. 
;  ■  Sitnngtti.  d.  k.  Akad.  d.  WiM.,'  fiiod.  1,  1867- 

nbcr  d,  k.  Ak»d.  d.  Wiw..'  Bawl.  CO,  i.  1SG9. 
irlft,*  u  Oari  Lndwig,  1879. 
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stated  that  the  substance  of  the  liver  cells  of  frogconsistsofahyaline 
ground  substance — paraplasma — and  of  a  granular-fibrillar  con- 
tractile '^  protoplasma/'  With  reference  to  the  liver  cells  of  mam- 
malian animals^  I  can  fully  confirm  that  observation,  finding  that 
their  substance   is  composed  of  a  minute  network,  in  whose 
meshes  is  included  a  hyaline  substance;  we  have  here  what  we 
mentioned  on  so  many  previous  occasions,  an  intracellular  network 
of  fibrils^and  in  thisan  interJ^rillaroTinlestitialhjdlmesuhsihiice. 
As  has  been  noticed  by  many  observers,  the  substance  of  the  liver 
cells  appears  when  examined  under  many  di£Perent  conditions — 
fresh  in  saline  solution,  aqueous  humor,  or  macerated  in  iodised 
serum,  solution  of  bichromate  of  potash  or  Muller's  fluid,especially 
when  hardened  in  spirit,  chromic  acid,  or  Muller's  fluid — of  a  "uni- 
formly granular*'  character.  This  "uniformly  granular^'  aspect  is 
due  to  the  very  close  nature  of  the  intracellular  network,  as  I  ex- 
plained on  several  previous  occasions.    In  the  liver  of  guinea  pigs, 
the  portal  vein  of  which  had  been  injected  with  a  2  per  cent,  solu- 
tion of  Briicke's  Berlin  blue,  then  hardened  in  spirit  and  stained  in 
carmin  or  haematoxylin,  I  find  {a)  in  many  acini  the  liver  cells 
composed  of  a  uniform,  beautiful  and  open  network  of  fibrils  and 
membranes,  in  connection,  through  the  nuclear  membrane,  with  a 
similar  network  pervading  the  nucleus  itself.    Next  to  cells  of 
this  kind  I  find  (b)  such  in  which  the  network,  although  its 
parts  are  still  distinct,  is  somewhat    closer,  and  it  requires  a 
higher  power  to  distinguish  it  so  clearly  as  in  the  former.     And 
lastly,  I  trace  these  to  (c)  cells  in  which  the  network  is  so  close 
that  its  constituent  fibrils  cannot  be  made  out.     The  cell  sub- 
stance appears  uniformly  and  densely  "  granular/'     The  gradual 
transition  from  cells  of  the  nature  of  a  to  those  of  b  and  c  leave 
no  doubt  that  the  uniform  "  granulation"  is  due,  as  mentioned 
before,  to  the  very  close  condition  of  the  network.     In  fig.  20 
I  have  represented  liver  cells  in  which  the  intracellular  network 
is  seen  of  the  character  mentioned,  sub.  b,  i,e.  medium  grade  of 
closeness. 

The  liver  cells,  in  which  the  meshes  of  the  network  are 
comparatively  widely  distended,  are  considerably  larger  than 
those  whose  substance  appears  densely  "  granular,"  and  this  is 
easily  intelligible,  if  we  remember  that  the  distinctness  of  the 
network  is  due  to  the  distension  of  its  meshes.  Whether  in  the 
course  of  functional  activity  the  liver  cells  show  such  differences 
of  the  network,  as  we  mentioned  on  several  previous  occasions 
(mucous  glands,  Brunner's  glands,  intestinal  epithelium,  &c.),  I 
am  not  in  a  position  positively  to  assert,  although  I  have  noticed 
certain  facts  which  lead  me  to  believe  that  also  in  the  liver-cells 
a  difference  of  tlie  a])pearauce  of  their  network  corresponds  to 
a  dififerent  state  of  function.    Thus,  for  instance,  I  have  found 
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thftt  in  ■  lirer — hardened  in  SO  per  cent,  of  mettjlated  spirit, 
or  in  our  mixture  of  chromic  add  and  methylated  spirit, — 
obUtaed  [rom  a  dog  killed  either  after  having  been  kept  without 
toed  for  twenty-four  hours  or  one  hour  after  taking  its  food,  the 
liro  cells  ^ow  a  more  open  network,  /.  e.  the  interstitial  sub- 
fiKDoe  is  prewnt  in  a  greater  amount,  than  if  the  liver  be 
taken  of  an  eninul  ibat  had  been  killed  live  or  six  hours  aft«r 
putaking  of  a  meal,  in  nhich  case  the  cells  appear  more  uni- 
iatmly  "  grannlar,"  i.  e.  the  network  closer  and  the  interstitial 
■e  less  ahundaot, 
r  Bucicas  of  the  liver  cells  is  spherical,  and  contains  a 
brm  network.  SDine  nuclei  show  a  regular  layer  of  peripheral 
r  fibrils  mentioned  on  a  former  page.  Spirit  preparations 
I  rereal  in  this  network  one  or  more  central  or  eccentric 
e  dots — nncleoli;  in  some  livers,  hardened  in  strong  spirit. 
i  hardly  a  liver  cell  that  does  not  possess  a  nucleolus, 
B  io  other  livers,  hardened  in  SO  per  cent  of  spirit  or  in 
Die  acid,  I  see  only  few  liver  cells  whose  nucleus  possesses  a  I 
alas.  I 

^>t  this  reason  alone  it  cannot  be  regarded  as  an  important 
'  elnaent.     ^Vhcn  examining  carefully  with  a  high  power  (Hari- 
OKk,  immersion  10)  a  series  of  nuclei  which  contain  what  would 
illy  pass  for  a  "  characteristic,  large  and  bright  nucleolus," 
lul  that  twice  out  of  three  times  I  can  see  that  it  is  a  complex 
dun,  and  traceable  to  a  part  of  the  intranuclear  network 
shrivelled  up.     But  besides  the  small  bright  dots  due  to 
sections  uf  6briU,  there  are  undoubtedly  larger  particles 
intranndear  networks,  but  these  are  smaller  than  the 
■boTc  "  choracleriatic  "  nucleoli. 

Id  the  nuclei  of  liver  cells  that  show  the  intracellular  network 
J»  open  mMhe^,c.  ^.  the  liver  of  guinea-pigs  injected  with  i 
■cent  of  Berlin  bine,  the  intranuclearnetwork  does  not  contain 
I  rale  any  traces  of  larger  particles  ;  it  is  a  uniform  network 
Aaatomoses  with  the  former  by  :i  great  many  radiating 
M^itcts-  I  do  not  agree  with  Kupfcr,  according  to  whom  the 
rofk  is  most  conspicuous  around  the  nucleus,  for  in  those 
I  in  which  I  find  the  network  in  its  greatest  distinctness 
r.  (see  guinea-pig's  liver  treated  as  above  stated),  I  see 
Mthc  substance  of  the  liver  cells  in  an  uniform  manner. 
men  of  the  injected  guinea-pig's  liver  I  have  seen  this 
Htnme  a  faint  blue  tint  on  that  part  of  the  cell 
I  to  a  capillary  vessel,  bnt  I  presume  this  is  due  to  a 
Jof  tbe  network  with  the  Berlin  blue.  In  many  places  1 
%if  one tdl  ii  »ceit  in 'lirect  eonnedim  wUh  iiaC  I'f'fMW 

mfctlle. 

U  oosioiiuioti,  [  wifli  to  mentioD  an  appearance  nliicli  I  hava  1 
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met  with  in  the  liver  of  dog,  pig  and  guinea-pig,  hardened  in 
spirit  and  also  in  chromic  acid;  it  is  this: — The  substance  of 
some  liver  cells  presented  two  more  or  less  distinct  zones,  one 
smaller  one  apparently  homogeneous,  or  faintly  granular  and 
stained  in  hsematoxylin ;  and  a  larger  one,  more  transparent,  not 
stained,  and  showing  the  above  network  more  or  less  distinctly, 
lie  nucleus  of  these  liver  cells  is  situated  peripherally, 
generally  more  or  less  closely  to  the  homogeneous  zone, 
or  even  in  it.  The  appearances  in  this  latter  instance 
are  to  a  great  extent  similar  to  those  presented  bv  the  cells 
lining  the  gland  tubes  of  the  pancreas  (Langerhans^  and  Hei- 
denhain.^ 

7.  The  Cells  of  Laminated  Epithelium. 

In  this  paragraph  I  wish  to  notice  merely  the  structure  of  the 
more  or  less  polyhedral  cells  forming  the  middle  and  deeper 
strata  of  the  laminated  epithelium,  e.g,  oral  cavity,  pharynx, 
oesophagus  and  anterior  surface  of  cornea,  and  of  the  rete 
Malpighii  of  the  epidermis. 

With  reference  to  the  epithelial  cells  of  the  first,  I  have  con- 
vinced myself  in  fresh  specimens  and  in  specimens  prepared  by 
macerating  bits  of  the  above  organs  in  iodized  serum,  5  per  cent, 
chromate  ammonia — the  same  method  being  used  as  described  in 
my  first  paper  with  regard  to  the  examination  of  stomach  of  newt 
— and  in  sections  after  hardening  with  our  mixture  of  chromic 
acid  and  spirit,  that  the  substance  of  these  cells,  usually  described 
as  of  more  or  less  uniformly  granular  appearance,  consists  of  a 
dense  network — intracellular  network  (see  fig.  18  a).  The 
nucleus  of  these  cells  is  likewise  permeated  by  a  delicate  network 
with  the  usual  small  bright  dots  in  its  nodes  (see  fig.  18  b). 
There  are  occasionally  seen  in  it  one  or  two  larger  particles,  com- 
parable to  the  nucleolus  auct.,  but  the  number  of  nuclei  contain- 
ing it  is  in  some  parts  extremely  small.  I  miss  them,  for 
instance,  in  cells  in  which,  of  all  others,  one  would  have  sup 
posed  they  should  be  present,  viz.  in  the  deepest  cells  of  the 
laminated  epithelium,  for  it  is  these  cells  which,  according  to  the 
observations  of  most  writers,  are  concerned  in  the  process  of  re- 
producing the  epithelial  cells  of  the  layers  above  them.  Thus,  in 
preparations  of  the  deepest  epithelial  cells  of  the  cornea  I  do  not 
find,  in  the  majority  of  instances,  any  signs  of  distinct  nucleoh*, 
and  the  same  must  be  said  also  of  the  deepest  cells  of  the  epithelium 
of  the  oesophagus,  pharynx  and  tongue.  Nay,  even  in  the  re- 
generation of  epithelium  of  cornea  after  a  superficial  defect,  of 

*  'Beitr.  z.  mikrosk.   Anat.   d.   Baucbsp./  Inaugural  Dissert,  Berlin, 
1S69. 
'  '  Pfluger's  Archiv,*  Band,  x,  550. 


■Iddi  o^ao  I  maJe  specimens  either  in  chloride  of  gold,  or 
ipiiit.  or  in  cUromtc  aciu,  I  inias  &  nucleolus  la  tlie  majority  of 
rfitbciml  cells.  These  contain  a  uniform  network  of  fibrils.  A.nd 
I  vJI  take  this  opportunity  of  saying  that  the  statements  by 
Naywt'  nod  Ebextb,'  to  the  effect  that  during  the  regeneration 
0^  epitbrlitnn  those  iinciei  that  contain  filaments,  or  a  network  of 
iboB,  ne  pTcutiar  forms  of  developing  nuclei,  is  in  so  far 
crroanNU,  as  every  nucleus  contains  such  a  network.  But  it  is 
nilc  (»uible  that  under  those  special  conditions  tlie  intra- 
Hcleur  network  becomes  more  prominent  and  distinct,  and 
Ihotfora  more  easily  visible,  although  I  dn  not  notice  in  my 
fpedmaw  any  marked  difference  in  this  respect. 

The  odJs  of  the  middle  layers  of  the  epithelium  of  the  hamaa 
(EMolugiu,  obtained  soon  after  death,  show  the  intracellular  net- 
woTK  and  fibrils  passing  from  one  cell  to  the  other.  If  a  sectioa 
Umngh  tlus  epithelinm  be  examined  with  the  new  excellent  y, 
mA  oil-itDmersion  of  &iss,  the  intranuclear  network,  the  con- 
Dcetioa  of  this  vith  the  intracellular  one,  and  the  passage  of 
handles  of  fibril*  from  one  cell  to  the  other,  is  as  distinct  as  one 
can  wish. 

la  the  Battened  cells  of  the  anperficial  layers  of  the  epithelium 
of  ibe  &r»t  passages  of  the  alimentary  canal,  I  cannot  trace  the 
iBtTBCcllalar  network  with  distinctness,  but  the  nucleus,  except 
ia  the  most  taperficial  cells,  still  contains  the  network.  The 
oodci  of  even  the  most  superficial  cells  of  the  epithelium  of 
nmcra  of  frog,  newt,  or  mammalian  animal,  when  examined  fresh 
1  KCtioDs  aft«r  hardening  in  chloride  of  gold  and  then  spirit, 
'rit  alone,  or  chromic  acid,  show  the  intranuclear  network 
e  or  less  distinctness. 

the  iatnuincleu  network  in  sGTerBl  inttanccs  cren  in  tlie 
■poataneDUBl;  delacbed  troax  llie  Fpilhelium  of  moiitb  and 


B  rtnicture, i.e. intracellular  and  intranuclear  network, 

^__je88ed  by  the  epithelial  cells  of  the  deeper  and  middle 

ftratDin  of  the  rete  Alafpighii  of  epidermis.     The  "prickles" 

letWBm  theMce!!s,  first  observed  by  Max  Schultzc^  in  the  cells 

t  the  middle  layer  of  the  epidermis  and  laminated  epithelium  of 

111  carity,  arc  directly  connected  with  the  intracellular  network, 

f  form  at  the  same  time  the  connecting  fibrils  between  adjacent 

la^aM  fig.  19).     This  is  quite  in  conformity  with  the  observa- 

"  —  *  and  Hcitzmann*.     This  last-named  author 

_tl,*Ko.50. 1S75. 
k  &Khir.'  Band  07. 

Wt;  1M8. 

i  I  a.  Irfhomtotio  ptol.  d.  Vi\iv.  d.  Pgtii,"  1B70. 

'  Uatm  uber  A.  Protoplunia, '  Sittimgsbcr.  d.  Akad.  d.  Wiss.,'  Rand,  I 
^1(73;  ii.p.  Hnt  ' SeparatRbdrack.' 
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maintains  that  every  epithelial  cell^  no  matter  whether  in  the  rete 
Malpighii;  or  the  laminated  epithelium  of  a  mucous  membrane,  or 
in  gland  tubes^  is  a  ''  prickle-cell,^^  i,  e.  connected  with  its  neigh- 
bour by  fine  processes,  and  that  every  nucleus  of  these  cells  is 
possessed  of  processes — that  is  to  say,  is  a  ^'  prickle-nucleus " 
(Stachelkem),  and  the  nucleolus  of  each  of  these  '^  prickle- 
nuclei*'  is  similarly  constituted,  i,  e.  is  a  ^'prickle-nucleolus^' 
(Stachelkemkorperchen).  In  the  foregoing  pages  I  have  several 
times  mentioned  the  relation  and  value  of  what  is  generally  de- 
scribed as  a  nucleolus  to  the  rest  of  the  nucleus,  and  we  have 
seen  that  its  nature  is  in  many  instances  a  very  doubtful  one,  and 
its  occurrence  variable  and  inconstant,  and  I  cannot  therefore 
accept  what  Heitzmann  says  of  tliis  pseudo-organ.  Nor  can  I 
agree  to  the  proposition  that  all  epithelial  cells,  no  matter 
where  they  are  found,  are  ''  prickle-cells/' 

There  is  one  other  point  which  I  have  to  mention  in  connec- 
tion with  the  cells  of  the  laminated  epithelium  of  those  parts 
which  are  capable  of  being  placed  in  folds,  e.  g.  skin,  oesophagus 
and  pharynx.  It  is  this,  that  the  shape  of  the  cells  of  the  deeper 
and  middle  strata  may  be  entirely  altered  by  the  different  con- 
dition of  contraction  of  the  subjacent  membrane.  If,  for  instance, 
a  small  piece  of  the  above  organs,  while  being  hardened  in  spirit 
or  chromic  acid,  is  left  altogether  to  itself,  it  will  shrink  mto 
folds  to  a  considerable  degree.  In  vertical  sections  through 
these  structures  the  rete  Malpighii,  or  the  laminated  epithelium 
respectively,  is  found  to  present  a  different  aspect  on  and  between 
the  folds,  inasmuch  as  in  the  former  instance  the  epithelial  cells 
of  both  the  middle  and  deeper  strata  possess  an  elongated  shape, 
their  long  axis  being  parallel  to  the  vertical  diameter;  in  the 
parts  between  the  folds  the  epithelial  cells,  on  the  contrary,  are 
more  elongated  in  the  horizontal  direction,  i,  e.  are  more 
flattened.  But  if  during  the  hardening  those  membranes  are 
prevented  from  an  excessive  shrinking  by  fixing  them  on  cork  or 
bone  or  cartilage,  the  shape  of  the  cells  of  the  above-named  layer 
will  be  found  of  the  typical  character  which  is  generally  ascribed 
to  them,  viz.  the  deepest  cells  more  or  less  columnar,  the  follow- 
ing ones  more  or  less  polyhedral,  gradually  becoming  flattened 
as  the  surface  is  approached.  And  for  this  reason  the  rete 
Malpighii  of  the  epidermis  of  the  ear-lobe,  for  instance,  appears 
difi'erent  from  that  of  ordinary  skin  that  had  been  allowed  to 
shrink  during  hardening ;  in  the  former,  where  the  skin  is  pre- 
vented from  shrinking  by  being  fixed  on  the  cartilage,  the  rete 
Malpighii  is  of  the  typical  appearance ;  in  the  latter  the  cells  of 
the  middle  and  deeper  stratum  of  the  folds  are  very  much  elon- 
gated in  a  vertical  direction. 

In  connection  with  this  change  of  shape  we  also  see  that  the 
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mtfaeellalu  network  haa  a  somewhat  different  arrangement;  Ja 
lite  dongat«d  c«Us  it  also  aaauoies  an  elongated  arrangement 
pnUel  to  the  long  axis  of  the  cell,  ao  that  the  cell-^ubstaiice 
spootf*  lotigitadinally  striated. 

jiuM  appenrance  belongs  to  the  same  kind  as  the  one  I  de- 
(trdxid  tn  th<^  lirst  chapter,  viz.  the  alteratioo  of  shape  and 
unuigentent  of  epithelial  cella,  owing  to  a  change  of  the  mem- 
bnne  oa  vtuch  the  epithelium  is  situated. 


■si') 
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8.   Tit  Epithelial  Cells  of  the  Testis. 

la  this  ptngraph  I  wish  to  describe  chiefly  the  structure  of 
Uw  nnclei  of  the  epithelial  cells  of  the  seminal  tubules  and  of  the 
•o^lrt)  parenchj-matous  cells  between  them  (tubules). 
(«)  If  we  examine  a  section  through  testis  of  full  grown  cat, 
or  gainm-pig,  hardened  in  our  mixture  of  chromic  acid  and 
'  cUted  Eiiirit,  or  in  pure  methylated  spirit,  we  see  that 
indri  of  the  polygonal,  or  more  or  less  rounded  cells 
in  fereral  layers  line  the  seminal  tubules,  possess  a 
many  minute  rods  connected  into  a  network.  At  first 
ii^}it  the  nucleus  appears  coarsely  and  uniformly  granular, 
but  oo  csrcfal  inspection  we  ascertain  that  these  coarse  gran- 
uln  are  the  sectional  view  of  shorter  or  longer  rods.  The 
artwork  formed  by  them  possesses  on  this  account  a  some- 
what different  appearance  from  that  mentioned  on  several  pre- 
"  ig  occasions,  and  I  refer  the  reader  to  figure  15,  a  and  b, 
'ule  VII,  where  I  have  represented  these  appearances.  The 
i  of  all  except  some  of  the  most  extemaJ  cells,  i.e.  those 
the  mcmbrana  propria,  are  spherical  and  possess  the  network 
le  ihort  rods  mentioned  just  now.  Tlic  nuclei  of  the  last- 
cells  are,  however,  oval,  and  contain  the  more  uniform 
'ork  of  fibrils  mentioned  of  other  nuclei. 
__  diaracter  of  a  network  of  short  rods  may  be  observed 

the  nuclei  of  the  muUinuclcar  large  cells  present  in  some  of 
the  acminat  tnbcs  of  cat  and  dog  (v.  La  Valetle},  There  is 
junrbirrc  any  siKii  of  a  nucleolus. 

ic  tnlntnuclenr  network  comes  out  with  groat  distinctness  in 

itatioos  of  testis  treated  with  a   5  per  cent,  solution  of 

ite  of  ammonia,  and  subsequent  staining  in  picro-carmine 

manner  described  in  my  first  paper  of  stomach  of  newt.' 

iderpccially  rn'Ommcud  for  class-demonstration  of  a  heau- 

inlnnaclriir  network  to  use  the  testicle  of  full-grown  newt, 

to  prrpare  it  after  the  method  with  5  per  cent,  solution  of 

inio  of  ammonia  and  Bubsequent  staining  in  picro-carinine. 

I  L.  c,  p.  3Hl. 
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There  are  several  interesting  appearances  connected  with  the  sperma- 
tozoa of  newt's  testis  prepared  in  (hit  manner  which  I  shall  haye  occasion 
to  describe  at  a  future  time,  but  one  I  wish  to  mention  already  here  on  ac- 
count of  its  very  great  distinctness  and  also  on  account  of  the  great 
facility  with  which  the  preparations  may  be  obtained  and  preseryed.  If 
after  staining  the  testis  in  picro- carmine  a  small  particle  of  its  interior, 
after  having  been  teased  out  with  needles,  is  monntea  in  a  drop  of  glycerine, 
we  notice  an  innumerable  mass  of  isolated  spermatozoa,  eaci  of  which 
pasteeses  a  fine  but  dUtinci  spiral  filament  coiled  round  the  whole  element — 
head,  middle  section  and  tail ;  the  spiral  thread  begins  near  the  anterior 
pointed  extremity,  is  most  distinct  round  the  middle  section  and  tail,  and 
terminates  at  a  short  distance  from  the  end  of  this  latter ;  it  is  not  distinct 
on  the  thick  part  of  the  head. 

(b)  The  connectiye  tissue  between  the  seminal  tubes  of  the 
testis  contains  peculiar  epithelial-^like  celis^  which  have  been 
known  to  all  who  have  investigated  the  testis.  They  have  been 
generally  described  (v.  Ebner^  Hofmeister^  and  others)  as  con- 
nective-tissue cells  of  the  interstitial  tissue.  Waldeyer^  r^ards 
them  as  a  peculiar  kind  of  connective-tissue  cells  which  he  calls 
plasma-cells.  Mihalkovic/  who  accepts  Waldeyer's  interpre- 
tation^ has  described  them  very  folly  in  the  testis  of  the  vanous 
domestic  animals.  Harvey^  regards  them  as  belonging  to  the 
nervous  system^  i.e.  as  ganglion  cells. 

As  is  well  known^  they  occur  in  considerable  numbers — chiefly 
as  forming  anastomosing  tracts — in  the  testis  of  cat^  dog^  and  espe- 
cially guinea-pig.  Their  shape  is  generally  that  of  a  polyhecural 
cell,  being  more  or  less  uniformly  pressed  against  one  another ; 
their  nucleus  is  spherical.  The  substance  of  these  cells  is  not 
a  "  granular''  protoplasm,  as  usually  described,  but  an  exquisite 
network  of  fibrils.  In  sections  of  testis  of  cat  or  dog  (hardened 
in  our  mixture  of  chromic  acid  and  spirit),  stained  in  logwood, 
this  network  appears  with  great  distinctness,  its  meshes  being 
relatively  open.  In  figure  14  a  I  have  represented  very  faithfully 
this  appearance.  The  intracellular  network  is,  however,  much 
denser  in  the  cells  of  testis  prepared  with  5  per  cent,  solution  of 
chromate  of  ammonia  and  subsequently  stained  in  picrocarmine ; 
it  is  represented  of  guinea  pig's  testis  in  fig.  14  b. 

The  nucleus  of  these  cells  contains  in  all  instances  the  ordinary 
network  of  fibrils  in  connection  with  the  intracellular  network 
In  the  case  of  the  testis  hardened  in  chromic  acid  and  spirit, 
the  nucleus  of  most  of  the  cells  in  question  contains  one  or  even 
two  central  or  excentric  larger  particles  included  in  the  network. 
In  specimens  prepared  with  chromate  of  ammonia  most  of  the 
nuclei  contain  an  uniform  network  without  any  large  particles. 
The  intracellular  network  is  very  beautifully  shown  in  tne  pecu- 

»  *  Archiv  f.  Pathol.  Auatom./  1872. 

2  *  Berichte  d.  Matb.  Phys.  Klasse  d.  Konigl.  Sachsischen  Gresellsch.  d. 
Wiss.,'  July,  1873. 
»  Harvey,  R.  T., '  Centralblatt  f.  d.  Med.  Wiss.,*  1875,  No.  30,  p.  498. 
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Uv  ^jrbfldnl  epithelial-like  cells  that  form  simiiar  tracts  in  the 
matnz  of  the  ovary.  Both  kinds  o-f  cells,  viz.  those  of  testis 
and  onxy,  are  placed  by  all  observeis  in  tbe  same  category  on 
accaant  of  their  similarity  of  appearance  and  their  development. 
I  BOtiee,  however,  that  in  these  epithelial-like  cells  in  sections  of 
bndcaed  ovary  of  kitten,  cat  ana  guinea  pig,  in  vhich  animals 
tbef  oocor  in  considerable  quantities,  the  intracellular  network  is 
coMldeiBUy  denser  than  in  the  cells  of  the  testis.  Tlieee  cells, 
^^tb  of  tiie  testis  and  ovary  of  yoang  and  adult  animals — are 
in  rwpect  of  their  morphological  characters'  in  no  way  dilTerent 
from  vpitlielial  cells,  and  as  regards  their  development  it  has  been 
atidBctorilv  shown  that,  with  reference  to  the  ovary,  they  are 
nounota  of  the  epithelium  of  the  Wolffian  body  ( His,  Waldeyer, 
Boaili,  and  others).  Balfour,  who  describes  this  same  tissue 
mj  nioulely  in  the  tlevelojiing  ovary  of  rabbit,  dog,  cat  and 
•Mep,'  ai  "tubuliferous  tissue,"  also  connects  it  with  the  Wolffian 
body.  The  same  holds  good  also  for  the  interstitial  cells  of 
tbe  testis  of  the  aduU,  viz.  they  are  remnanU  of  the  epUke- 
Smm  ^tis  Ifefffian  fjotjg  that  haa  not  been  used  for  the  develop- 
■M<  ^  tit*  eftlAelium  of  the  teminal  tubes.  Hence,  we  may 
jaatlj  call  theiD  imterttitial  epithelial  celU  of  the  testis  and  ovary. 

9.   t%t  EpitAtliai  CelU  <if  Sebaceous  and  Sweat  Glandt. 

{m)  The  intracellalar  network  of  the  cells  forming  tite 
rphbelhiin  of  lebaceous  glands  —I  only  refer  to  the  flask-shaped 
or  tvbolai  Mcrcting  uarts,  not  to  the  ducts — is  in  many  re- 
ffVEla  analogous  to  that  mentioned  in  tbe  Uver  cells.  If  we 
— nr™*  tbe  peripheral  parts  of  a  sebaceous  gland  in  sections  of 
■be  (of  nan,  but  especially  of  sliecp}^  hardened  either  in  chromic 
add,  or  oar  loiiture  of  chromic  acid  and  spirit,  and  stained  with 
layvood,  or  carmine  or  picro-carmii)e,  we  notice  that  the  sub- 
Ass  of  the  small  polyhedral  cells  lining  the  membraoa 
[■oytia  b  aot '  granular,'  but  consists  of  a  very  dense  and  uniform 
Mtwork,  and  Uiere  is,  therefore,  hardly  any  ialerilbrillar  sub- 
AacB  peroepttble.  The  cells  next  these  peripheral  ones  are  larger, 
aad  the  network  is  more  distinct  and  open,  and  the  nearer  to 
tfac  omlre  of  the  tube  tbe  larger  are  the  cells,  and  the  more  open 
ittbe  network  (see  fig.  16).  The  iut«rfibrillar  substance  which  is 
bac  tbe  fatty  matter  constituting  the  sebum,  increases  therefore 
■■  tb»  oelb  approach  the  centre,  and  thus  the  network  becomes 
■Mm  open.'     This  network  is  visible  only  after  the  removal  of 

>  y«lker  Ki-rUkerCGewibelebrc,' 1SS7,  p.5ai).iiorHenle  (SpUndi- 
adnaie,'  p.  U$.i)  pra  a  correci  ilescription  of  ttiue  oells. 

*X  t,  p.  4M. 

""I  rcbalar  nalucc  of  lli«  tubstauce  of  tbese  cells  bas  been  domotutrtttd 
w  ag  ffjend  Mr.  UcCartlij  tfvcral  jcars  ago. 
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tiit  &%  intet^HJlbr  Bobstuoiv  on  account  of  tlie  high  refrao-  J 
tiffl  inux  of  tiiis  lattor.  (In  pieparations  mounted  in  dammuj 
TUnith  CffCuudft  balBam  nlirtuni,  this  is  effected  by  passing  thfrJ 

ifom 
>mes 
and  the  intnadlnhg  natverk  is  reduced  to  a  few  membranoua 


fint  thKHlgh  aloohd  waA  then  through  oil  of  cloves.)  1 
All  thew  cdU  poaiew  » nnclwti  containing  a  uniform  network*  1 
Tomtd*  the  doot  the  luioleiit  of  the  cells  becomes  indiatinot 


atraks,  botween  whidt  the  fi^  matter  is  enclosed.     Thus  the 
cpithdiid  oelli  liiii^  the  alveoli  of  sebaceous  glands  are  in  all 
nqicaU  uelogoat  to  (he  other  Mcreting  cells,  especially  mucua- 
•eaetti^'fleUa;    in   miu»i<«ee]!eting    cells  we   bad   mucin  ag 
(he  neolt  of    the   change   of    the     interfibiillar    substance; 
in-  die  ejnthdial  odla   of  eebaceous  glands  we  tind    it    to 
b«  a  fattgr  mbataaoe.     Ll  many  secreting  glands  we  found  a 
eontnat  between  the  oeDa  in  the  state  of  secretion  and  such  as  an 
not  secwtinR  (be  ftmner  ihowing  the  intracellular  network  open, 
oving  io  (he  gnater  amount  of  interfibrillar  substance  under-   I 
aoo^f    the  metabolie    change   the  latter    possessing    a    mora  J 
^  gnudar^  aipeet,  «. «.  the  network  being  much  closer.    And  * 
the  aune  lelatian  we  find  to  obtain  also  in  the  sebaceous  glands;  ' 
fiv  tiu  peii^eial  edh  with  a  dense   intracellular    network   ' 
("gnnalar'^ptoto^laain)  bear  to  the  more   centrally  situated  I 
oeds — those  oontaiung  an  opoi  network  and  a  fatty  interfibrillu  I 
anbatanee    evidently  the  idation  of  a  non-secreting  to  secreting  \ 
cells  of  other  glands. 

The  epithelial  cells  lining  the  alveoli  of  the  Meibomian  glands 
of  the  eye-lids  are  in  every  respect  analogous  to  those  of  the 
ordinary  sebaceous  glands ;  it  is,  therefore  unnecessary  for  me  to 
enter  into  details,  as  I  should  have  only  to  repeat  what  I 
stated  just  now  with  regard  to  the  Utter  glands. 

In  the  embryo  at  an  early  stage  the  alveoli  of  both  ordinary 
sebaceons  and  Meibomian  glands  contain  only  "granular"  cells, 
t.  e.  cells  in  which  no  tsXty  matter  is  yet  cont^ed  in  the  intracel- 
lular network,  hence  the  great  closeness  of  this  latter. 

The  question  might  be  aiked,  whether  in  the  process  of 
secretion  the  substance  secreted  is  directly  derived  from  the  intra- 
cellular network  or  only  indirectly  so,  *.  e.  from  the  interstitial 
substance  contained  in  its  meshes  ? 

From  what  I  have  repeatedly  stated  on  the  occasion  of  the 
submaxillary,  the  mucous  and  sebaceous  glands,  the  reader  wiU, 
I  think,  have  come  to  the  conclusion  that  it  is  the  interfibrillat 
substance  which  becomes  increased  in  amount  and  converted  into 
the  matter  that  is  to  be  secreted,  and  not  the  intracellular  net- 
work itself.  This  latter  is  not  used  up,  therefore,  during  secretion, 
in  the  sense  in  which,  for  instance,  Heidenhain  and  Lavdowi^y 
assumed  it  to  be,  bat  only  altera  its  arrangement  in  aoeh  a 
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s,  however,  quite 
product  of  the 


muRCT  that  its  nieslips  become  wider. 
piboblr  that  the   interstitial  sabstance 
elluUr  network. 

^  Tbc  epithelial  cells  lining  the  sweat-gland  tubes — I  refer 
B  colled  part,  not  the  duct — is  in  sections  of  akin,  hardened 
|l  mixture  of  chromic  acid  and  spirit,  or  also  spirit  alone,  the 
It  being  however  preferable,  composed  of  a  aubataoce 
_i  is  distinctly  longitudinnlly  striated.  This  striation,  when 
■tincd  with  a  high  power,  is  seen  to  be  due  to  the  intracellu- 
Itr  ndwoik  consisting  prevalently  of  longitudinal  librils.  This 
nypearaocc  is,  however,  presented  chiefly  by  the  inner  portion  of 
l»  ceQ  mhstaoce ;  the  other  part,  containing  the  nucleus,  is 
(t  ■  mofc  uniformly  "  granular"  aspect,  i.e.  the  network  possess- 
ing ft  aniform  dense  arrangement.  The  nucleus  is  spherical, 
mi  eontjum  a  uniform  network ;  in  some  instances  I  see  traces 
of»"micleolQa"  (see  %.  11  of  PL  VII), 

Skb  of  ciieep  and  pig  is  ou  account  of  the  large  me  of  the  sweat  glands 
1  <mj  good  object. 

The  same  change  of  shape  of  the  cells  that  I  have  mentioned 
«a  the  occasion  of  Lieberkiihn'a  crjpts,  dependent  on  the 
change  of  lumen  of  the  gland  tube,  may  be  noticed  also  here. 
Thus  I  tneasure  in  sweat-gland  tubes  of  skin  of  ear-lobe  of  pig 
u  the  mean: 

<HPa  mm.  tlie  diunettr  of  tbe  whole  tube,  iaclDding  ita  mGm> 
bran  a  propria, 
_OWjUn.  the  diameter  of  lumen, 

L  the  bciglit  of  liie  liniog  epithelium, 

fi  mm.  the  thicLnc»a  of  muscular  coat    and   membcana 

11). 

instance  I  measure : 

0476  mm.  tie  diameter  of  the  whole  tube, 

QUi  am.  the  diameter  of  lumen, 

■faiat  O'DOS  mm.  tbc  height  of  tiie  lining  epithelium, 
tod  ajfont  0-003  mm.  tlie  Ihickaess  of  both  muscular  coat  and  membraM 
ptfopfiA  (c^Uiej. 

We  find,  therefore,  in  the  latter  instance  in  a  tube  with  a 
gmtljr  diatended  lumen  (UUS  mm.  asagamst  0.019  mm.  of  the 
fmocr  ca»c)  bu  vpitlidium  correspondingly  shortened  (0*005  m, 
u  agaiBil  O'Ol  mm.  of  the  former  case). 
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The  foregoing  paper  was  in  print  when  Professor  Plem- 
ming's  last  memoir — ^'  Contributions  to  the  Knowledge  of 
Cells,  &c." — appeared  in  the  'Archiv  f.  Mikrosk.  Ajiat./ 
Band  xvi^  p.  802.  This  memoir^  which  is  of  considerable 
length,  records  many  important  observations  regarding  the 
structure  of  cells  and  nuclei  and  the  phenomena  of  cell- 
division. 

Flemming's  views  on  the  structure  of  cells  and  nuclei,  and 
the  relation  of  the  two,  do  not  in  some  respects  coincide 
with  those  expressed  by  me  in  Part  I  of  this  paper  (see  this 
Journal,  Vol.  XYIII,  p.  315),  and  also  in  the  present  Part  II. 
It  is  not  possible  for  me  to  enter  here  into  a  detailed 
discussion  of  those  differences,  for  the  reason  that  this  im- 
portant subject  could  not  receive  full  justice  in  a  short  para- 
graph, and  chiefly  because,  in  the  third  and  concluding  part 
of  this  paper,  I  shall  have  opportunity  to  return  to  the  sub- 
ject. But  I  will  at  once  here  state  my  dissent  from  Flemming 
in  two  important  points : 

a.  Professor  Flemming,  on  p.  835,  says  that  the  network 
that  I  described  (in  Part  I  of  my  paper)  of  the  nuclei  of 
stomach  and  mesentery  of  newt,  after  treatment  with  5  per 
cent,  chromate  of  ammonia,  does  not  quite  correspond  to  the 
network  seen  by  him  in  the  nuclei  of  Salamandra  in  the 
fresh  state,  and  is  therefore,  in  its  totality,  not  to  be  regarded 
as  a  preformed  structure. 

On  the  same  page  (335)  he  also  sajs  that  the  nuclei  delineated  in  many 
of  my  figures  (see  Plate  XVI  of  this  Journal,  July,  1878),  are  knobbed 
and  distorted,  and  this  he  regards  as  additional  proof  for  his  above  state- 
ment. 1  see  from  this  that  Professor  Flemming  has  looked  at  my  figures 
and  read  my  text  with  only  passing  attention,  for  in  that  Plate  (X  VI)  I 
have  delineated,  and  in  the  text  I  have  described,  the  nuclei  as  oval  sharply 
outlined  structures,  with  a  smooth  surface.  Of  a  knobbed  or  distorted 
state  I  have  fibred  or  said  nothing.  In  a  very  few  instances  the  nucleus 
is  slightly  knoobed,  e.^.  in  the  dividing  nucleus  of  unstriped  muscle  fibres 
of  the  mesentery  of  newt  (1.  c,  p.  332).  I  also  find  that  Professor  Flem- 
ming describes  (on  pages  307  and  319  of  his  memoir)  a  similar  condition  of 
nuclei  of  developing  Salamandra  in  the  perfectly  fresh  and  living  state. 

b.  As  far  as  I  am  able  to  understand  Professor  Flemmingfs 
observations  and  arguments  on  the  structure  of  the  nucleus 
during  life  and  after  reagents,  it  comes  to  this,  that  during 
life  some  nuclei  show  nothing  of  a  network  or  of  anything 
else,  being  in  some  instances  not  visible  at  all ;  others  show 
a  network  more  or  less  imperfectly,  with  dots  and  large  par- 
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tides — DucUoU.  Different  rengente  demonstrate  in  the 
^'  Vus  a  Detworh  auil  nucleoli  nitb  varying  distiactDesB, 
it  is  K  question  whether  what  these  reagents  reve&l  are 
Jy  or  nhoUy  artificial  products.  Flemming  suspects  the 
itnates  eajwcially  as  liable  to  produce  artificial  products ; 
dilate  chromic  acid  and  picric  acid,  on  the  other  hand,  he 
has  great  faith  in,  although  reading  his  ohservations  with 
bichromate  of  potash  on  fresh  blood-corpuscles  of  Salamandra 
(p.  3S6),  the  reader,  I  think,  will  come  to  a  conclusion,  viz. 
that  bicbiomaie  of  potash  is  a  very  good  reagent  to  demon- 
ttnte  the  intranuclear  network,  which  conclusion  is  opposite 
to  that  amved  at  by  I-'lcmming  himself. 

That  many  (bingv,  although  not  visible  in  the  perfectly 
fresh  atate,  but  only  after  treatment  with  reagents,  are 
neTertheless  preformed  structures,  is  a  proposition  which  it 
ii  uiiDecesMry  to  prove  in  the  present  state  of  histological 
•cimce ;  the  whole  progress  of  modern  histology  contains 
that  proof. 

A  thing  U  not  visible  at  all,  or  only  indistinctly  so,  in  the 
living  and  Cresh  slate  if  its  refractive  index  does  not  differ 
from  the  parta  surrounding  it ;  after  adding  hardening  re- 
BgoDts  many  sltucturea  ate  brought  out  with  greater  oi 
IcH  distioctoess.  But  there  are  certain  minute  structures 
which  bavii  been  and  can  be  demonstrated  only  with  certain 
particular  reagents.  X  remind  the  reader  of  tbe  results  ob- 
tained b^r  Max  Schultie  with  perosmic  acid,  by  v.  Keckling- 
btBsen  with  nitrate  of  silver,  by  Cohnbeim  with  chloride  of 
goM,  Stc,  then  of  the  different  dyes  which  are  used  iu  his- 
tology oo  account  of  their  selective  power. 

The  oomca,  carefully  cut  out  and  quickly  placed  under 

tbe  nicToacope,  shows  absolutely  no  structure;  of  the  different 

Ufcn  of  epithelium  on  tbe  anterior  surface,  of  their  nuclei,  of 

Um  oomval  corpuscles  and   the   lacunse  in  which  tbey  are 

pUeed,  of  tbe  innnmerable  fine  nerves  underneath  tbe  epi- 

I  helium,   we  aee   nothing,  or  next  to  nothing.      After  the 

lapae  of  some  time  the  cornea  shows  the  outlines  of  some  of 

the  epithelial  cells,  and  in  some  of  these  we  perceive  faintly 

the  oatlinei  of  the  nuclei.     If  we  add  a  hardening  reagent, 

■^ch  &■  a  chromate,  chromic  acid,  or  any  other  acid,  alcohol, 

1  once  »ee  all  the  epithelial  cells  and   their  nuclei 

defined ;  the  lacunas  in  which  the  corneal  cor- 

,  .ind  three  latter,  as  well  as  the  fine  nerves,  are 

TTAr^-rtWily  and  only  in  a  few  places.     But  when 

-      1,  after  Uecklinghausen,  with  nitrate   of 

irate  the  lacunK  and   their  canals,  and 

ng  I  .innneiro's  chloride  of  gold  we  trace  with  ease 
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dia  Inudied  oellf   and  the  Bin*  €btm  in  Amt  fiaaat 
nuQificsticMU. 

IQwM  examples  can  be  multiplied  from  every  book  or 
joWJill  of  the  preaent  day   containing  papers  an   animal 

^Whit  I  wish  to  point  out  is  that  a  structure  that  is  very 
indMnetly  or  perhaps  not  at  all  discernible  in  the  perfectly 
frcall  Matv^  bat  becomes  rery  sharp  and  well  marfced  after  a 
partiatim'nagaa,  need  not  necessarily  be  an  artificial  pro- 
duct;  if'titiaaanie  structure  can  be  shown  also  with  other 
xeagenta,  although  not  so  well  defined,  we  are  quite  justified, 
I  tmnk,  in  regarding  it  as  preformed,  and  not  as  an  artificial 
proonct* 

Nov^aa  ngarda  the  intranuclear  network.  What  I  described 
in  Fart  I  of  bbt  paper,  chiefiy  with  the  aid  of  chroraatc  of 
•"■""""•i  onnades  with  what  is  possible  to  make  out  in  the 
freah  atato>  andafter  other  reagents  (see  my  Part  I,  p.  3?1), 
4.g.  Hfllln*a  fluid,  bichromate  of  potash,  usmic  acid,  spirit, 
&B.,  with  fliis  difference,  that  in  the  specimens  prepared 
■UOOeufiilly  with  cbromate  of  ammonia,  there  are  here  some- 
I  fiiBaiM  on  account  of  the  elements  swelling  up  and 
quite  transparent,  but  the  appearances  are  infinitely 
>  and  much  better  defined  than  with  other, 
reagenta. 

The  exquisitely  beautiful  honey-combed  network  in  the 
nuclei  of  the  endothelial  and  connective-tissue  cells  in  the 
mesentery  of  newt,  prepared  successfully  with  5  per  cent, 
chromate  of  ammoma,  the  rich  branching,  the  minute 
structure  of  these  cells,  and  of  the  unstriped  muscle  fibres,  are 
brought  out  with  a  clearness  and  delicacy  not  reached  by 
any  other  reagent  with  which  I  have  treated  that  membrane. 

The  observations  which  I  have  recorded  in  the  present 
Part  II  prove  the  correctness  of  the  deductions  stated  in 
Part  I  as  regards  the  structure  of  cells  and  nuclei.  In  study- 
ing the  epithelial  and  gland-cells  of  mammals, besides  examin- 
ing them  in  the  fresh  state,  I  have  had  occasion  to  compare 
the  appearances  obtained  by  the  use  of  different  reagents,  as 
stated  in  the  foregoing  pages — and  because  the  appearances 
were  found  similar  or  identical  they  were  accepted  as  denot- 
ing a  preformed  structure.  If  one  appearance  is  brought  out 
with  greater  distinctness  with  chromic  acid  than  with  another 
reagent,  I  do  as  Professor  Flemming  does,  viz.  I  give  it  the 
preference  in  the  examination,  but  I  should  not  reject  spirit, 
chromate  of  ammonia,  bichromate  of  potash,  &c.,  if  in  any 
other  instances  the  appearances  are  better  defined  by  one  of 
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thrtK  reagents  than  they  are  in  the  fresh  state  or  by  chiomic 
acid. 

Flemming,  in  the  above  paper,  expresses  dissent  from  the 
view  of  a  connection  between  the  intracellular  and  intranu- 
clear networks;  the  same  opposition  is  expressed  by  W. 
Schlricheiinapspeion  the  division  of  cartilage-cells  ('Archiv 
Mikrodc.  Anatomic,'  p.  261),  both  he  and  Schleicher  declaring 
Ibe  nucleus  to  be  something  quite  separate  and  independent 
of  the  cell-substance.  From  myown  experience  as  described  in 
the  foregoing  pages,  I  must  most  decidedly  oppose  this  sepa- 
ration D?  nucleus  and  cell-substance,  and  1  would  particu- 
Uz)y  draw  attention  to  the  remarkable  obseTvations  of 
Strieker  ('  Sitzungsb.  d.  k,  Akad,  d.  Wiss.,'  June,  1877)  on 
coldurliiss  Mood-corpuscles  of  frog  and  newt.  Strieker  ascer- 
Uined  the  contractility  of  the  intranuclear  network  and  the 
oonltnuity  of  this  with  the  cell-substance,  as  well  as  the  im- 
pMUnt  ULCt  that  the  membrane  of  the  nucleus  disappearing. 
Id  network  becomes  fused  with  the  cell -substance,  and 
ffMe  nrM,  the  membrane  appearing  a  part  of  ihc  cell-sub- 
ttMUte  beconung  enclosed  in  it  aa  nucleus.  The  nttcleui  is 
Atnfor€  a  potion  of  the  cell- substance  speciully  differeti' 
tiaUd  by  thr  presettcr  of  a  membrane. 

I  baw  repeated  the  observations  of  Strieker  on  the  large 
pal«,  and  al«o  on  the  small  uninuclear  corpuscles  of  newt's 
Nood  on  the  warm  stage,  and  I  can  fully  confirm  his  state- 
meat  that  the  iutemuclear  network,  especially  of  the  latter, 
ii  contractile,  and  that  the  substance  of  the  nuclei  of  the 
hnaa  becomes  fused  with  the  cell-substance,  this  membrane 
jMappeariiig  on  one  aide  or  the  other.  The  cell-substance 
il  ■  BUDDtc  Botwork  of  TBrying  distinctness. 
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On  the  Apical  and  Obal  BmsMBcf  ike  BcBmomaauxA. 
By  P.  Hbbbibt  Cabpbntbb^  VUL,  Anstant  Muter  «t 
Eton  College.    Part  II. 

In  a  pieTtoos  paper^  I  have  diacoised  at  aome  length  the 
modifications  of  the  Apical  System  of  the  Eehinodenna  in 
the  yarioos  members  of  the  gronp.  I  now  propose  to  treat 
the  Oral  System  in  the  same  manner^commenenigi  as  befim^ 
with  the  Crinoids^  in  which  order  it  reaches  a  Tery  high 
degree  of  development 

.  Afker  the  disappearance  of  the  dilated  bands  eneirding 
the  echinopndium  of  Cbmai$ila,  its  anterior  estremity  be- 
comes flattened  and  depressed  in  the  centre.  The  raisad 
external  rim  of  this  depression  exhibits  a  division  into  five 
crescentic  lobes^  the  onl  lobes^  which  are  sitoated  wilarwi 
diaUif.  Opposite  to  the  intenrals  between  them  are  five 
asygos  tentacles  marking  the  positions  of  <he  fotore  radial 
water-vesselsj  while  intenradiallYy  opposite  to  each  of  the  onl 
lobesi  is  a  pair  of  short  tubuw  tentades,  borne  like  the 
aiTffos  one  upon  the  water-vascular  ring. 

The  oral  lobes  are  supported  by  the  oral  plates^  wluch  in 
the  earliest  condition  or  the  skeleton  are  situated  directly 
above^  but  in  close  juxtaposition  to  the  basals.  But  as  the 
body  increases  in  size,  its  equatorial  portion,  i.e.  the  band 
between  the  upper  edges  of  the  basals  and  the  lower  edges 
of  the  orals  rapidly  enlarges.  During  this  enlargement  the 
oral  plates  maintain  their  original  position,  so  that  they  be- 
come completely  separated  from  the  basals  by  the  growing 
equatorial  band,  in  the  dorsal  portion  of  which  the  radiid 
plates  appear  resting  upon  the  basals.  The  orals  are  finally 
left  as  a  circle  of  five  separate  plates^  each  enclosed  in  its 
lobe  of  perisome,  on  the  centre  of  the  new  ventral  or  upper 
surface  of  the  larva,  surrounding  the  mouth  and  enclosing 
the  circlet  of  ten  interradial  tentacles.  This  ventral  surface 
gradually  widens  as  the  radials  enlarge  and  extend  outwards, 
carrying  the  perisome  with  them,  to  form  the  bases  of  the 
arms.  The  "  anal"  plate  appears  in  one  of  the  interradial 
spaces  of  the  new  formed  disc,  between  the  upper  portions  of 
two  of  the  first  radial  plates.  The  position  of  the  anus  indi- 
cates that  of  the  blastopore,  which  was  primitively  nearly  in 
the  centre  of  the  ventral  surface  of  the  Gastrula,  and  also 
a  point  in  the  plane  of  division  between  the  right  and  left 
larval  antimera;  for  this  plane  is  occupied  by  a  circular 

'  This  Journal,  Vol.  XVUI,  pp.  861-888, 
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nwentety,  which  is  formed  by  the  fuBton  of  the  walls  of  the 
two  peritoneal  cffica,  and  supports  the  rectum.'  Very  early, 
howsTer,  there  is  a  general  forward  movement  of  all  the 
Tvntrslly  plnced  structures,  namely,  the  depression  marking 
the  pmition  of  the  future  mouth,  the  water-vascular  sac,  the 
oral  ttslom,  and  the  blastopore.  These  all  take  up  a  new 
poaition  at  the  anitrior  end  of  the  Crinoidal  axis  (transverse 
axis  of  the  Gastrula),  and  it  is  here  that  the  ventral  or 
actinal  nrface  of  the  future  Comatula  begins  to  appear,  in  a 
plane  very  considerably  inclined  to  that  of  the  ventral  sur- 
fiwe  of  the  Gastrula. 

This  rudimentary  actinal  surface  primitively  consists  of 
nothing  hat  the  area  occupied  by  the  oral  plates,  together 
with  the  bases  of  the  arms.  But  as  the  digestive  tube 
increatM  >□  length  and  acquires  an  anal  orifice,  the  radials 
^iread  out  very  much,  so  as  to  extend  the  base  of  the  cup ; 
while  the  single  anal  plate,  originally  interposed  between 
two  of  tbem,  begins  to  be  lifted  out,  as  it  were,  from  this 
poaitioii,  u  it  is  attached  more  to  the  growing  visceral  mass 
than  lo  the  neighbouring  plates. 

At  the  same  time  the  diameter  of  the  oral  circlet,  still 
eBbraciog  the  ring  of  oral  tenucles,  continually  decreases 
is  pnpoTticm  to  that  of  the  disc  or  visceral  mass,  aa  the 
nn  of  the  latter  is  increased  by  the  development  of  the 
aGmeotary  canal. 

Finally,  the  oral  circlet  detaches  iUelf  from  the  summit 
of  the  radials  on  which  it  previously  rested,  and  is  relatively 
orried  inwards  by  the  great  enlargement  of  the  circle  formed 
1^  ihetn.  The  space  between  th«  two  series  is  now  filled  in 
oolf  by  the  tcembranous  perisome  of  the  above-mentioned 
•fmatorial  »>ne,  over  which  the  ambulacral  grooves  extend 
llwiiiiliia,  pasting  outwards  from  the  circum-otal  region 
fcilBinii  the  oral  valves  towards  the  growing  arms. 

The  diameter  of  the  viscer&l  mass  continually  increases, 
■0  Uiat  it  extends  nearly  aa  far  as  the  bifurcation  of  the 
ansa,  and  the  oral  circlet  is  thus  separated  by  a  much  wider 
ioterval  from  the  neriphery  of  the  disc.  It  is  in  this  outer 
riag  tlut  the  anal  funnel  is  situated,  the  anal  plate  which 
it  bean  oo  iu  outer  side  being  altogether  lifted  out  from 
brtwevn  the  two  radials  which  it  originally  separated.  In 
•one  Paitfotrinoidea,  however,  it  retains  its  primitive 
poattieD  within  the  radial  circlet. 

I  bare  already  mentioned'  that  in  most  recent  Crinoids 
die  orals  of  (he  larra  are  completely  resorbed,  so    that  no 
I   Giittt  lot  cit..  pp.  691.  flOl,  QOT. 
«  Pirt  I,  p.  aS6. 
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e  of  them  is  visible  in  the  adult,  and   the  single  anal 

.^j--  undergoes  the  same  fate.     The  orals  persist,  however, 

izocrinus  and  Ilyocrimis.  Wyville  Thomson^  describes 

in  the  latter  genus  (fig.  xii)  as  five  triangular  valves 

,.  which  close  over  the  central  mouth  so  as  to  form  a  very 
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Fig.  XII.— Diagram  of  the  disc  of  Syoeritait  (adapted  from  a  figure  of 
Sit  Wjvilte  ThomsDii's).  An.  Anal  tube.  an.  AnuubulacraL 
plates.  »up.  Supcrambulaoral  or  mEUgiDal  plates  :=  Samnpiattcbea. 
or.  Oral  plates.        R.  Radiols. 

perfect  five-sided  pyramid.  The  peripheral  part  of  the  disc 
is  paved  with  c!ose!y-set  plates  {an),  (he  outer  ones  of  which 
are  in  contact  with  the  broad  thin  radials  {S).  The  width 
of  this  plated  marginal  zone  surrounding  the  oral  Talves  is 
extremely  slight,  being  only  about  one  quarter  of  the  total 
diameter  of  the  disc.  The  anal  opening  is  near  the  edge 
of  this  zone,  at  the  end  of  a  short,  plated,  interradial  tabe 
(.^n).  The  plates  on  the  ventral  surface  of  the  disc^  to 
which  Miiller'  gave  the  name  of  ariambulaoral,  are  veiy 
completely  developed  in  many  Pentacrini,  aa  in  Byocrimu. 
Many  of  them  ate  perforated  by  the  water-pores  which  place 
the  body-cavity  in  communication  with  the  exterior. 

In  .SAtzomntM,  and  in  the  Cotnaiuia,  these  anambulacral 
plates  are  less  constant  in  their  appearance  than  in  Ryocrvau 
and  PentacrinuB.  But  in  one  or  two  tropical  Comatul^ 
they  are  very  marked,  and  pass  over  at  the  margin  of  the 
disc  into  a  complete  interbrachial  plating,  which  corers  the 
surface  of  the  perisome  between  the  five  rays,  beyond  the 
level  of  the  second  radials. 

All  this  anambulacral  system  fonning  the  peripheral  part 

•  ■  Jann. lion.  8oc.,'  xiii,  "Zoologj,"  p.  53. 

*  'San  det  Echinodwmep,'  p.  83. 
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of  the  "  tegmen  cnlycis  "  is  developed  out  of  the  □arrow 
eqQHlorial  zone  of  perisome  intervening  between  the  oral 
KDd  ba^al  circlets  of  the  young  Pentacrinoid.  It  does  not 
s«eni  to  be  present  in  the  Palxocrmoidea,  the  solid  vault 
of  which,  as  pointed  out  by  Wacbsmuth,'  is  in  no  way  homo- 
logous with  the  ventral  jifrisome  of  the  recent  Crinoids. 
Allmai)'  has  already  pointed  out  that  in  many  members  of 
this  group  there  is  a  system  of  plates  in  the  centre  of  the 
vault,  which  is  nothing  bnt  a  more  or  less  extensive  de- 
velopment of  the  simple  oral  system  of  the  young  Comalula. 
Wachsmuth,*  who  has  studied  the  complicated  arrange 
ment  of  these  plates  with  much  care,  has  somewhat  im 
tunately  termed  them  "  apical,"  a  name  already  applied 
previous  writers  to  the  plates  which  form  the  calyx  at  the 
_  posiie  pole  of  the  body.  In  the  simplest  condition  of  these 
so-called  apical  plates,  as  shown  in  genera  which  have  but 
B  few  vault  pieces,  there  is  a  large  central  plate  sur- 
loaoded  by  six  others,  viz.  four  large  interradial  ones  of  equal 
site.  Had  two  smaller  ones,  also  interradial,  which  are  sepa- 
nted  by  the  anus,  and  together  correspond  to  a  single 
larger  one.  Wachsniuth  has  found  these  "apical"  plates 
in  lh«  families  Actinocrimdce,  Platycrijiidrg,  Rhodocrtnidie, 
Mflocriniiia,  and  in  a  few  isolated  genera,  including  Cyatho- 
crrnus  and  Synhatkocrinus,  in  which  last  they  are  repre- 
Mmted  by  a  number  of  small  plates ;  and  he  stales  that 
ihev  "cover  the  central  opening  of  the  Blastoids,  and  can 
be  traced  in  many  of  the  Cystidcans."*  They  occupy  a 
central  [loxilion  in  the  vault,  where  there  is  much  reason 
to  believe  iu  the  presence  of  a  subtegminal  mouth ;  and  they 
t  very  largely  developed  in  young  specimens,  from  which, 
weU  as  from  other  considerations,  Wachsmuth  infers 
ittbcy  were  the  first  solid  parts  developed  on  the  ventral 
in  young  Crinoids." 
Although  the  central  plate  was  unknown  to  Allman, 
re  can,  I  think,  be  little  doubt  that  the  six  (practically 
')  peripheral  plates  are  comparable  to  the  orals  of  the 
joang  Comalula  in  the  manner  suggested  by  him.  These 
pUtev  *urround  and  support  the  walls  of  the  tentacular 
vestibule,  into  which  thelarval  mouth  opens  (fig.xiii  ^'J,  but 
it  doef  not  actiuire  a  communication  with  the  exterior  until 
a  comparatively  late  stage  of  development,     Gotte's  suggea- 

"  No<es  on  tlio  latemiJ  Md  EttorDAl  Structure  of  Palteoioic  Crinoids," 
Bu  Journal  of  Science  saii  Arli,'  vol.  liv,  IS77,  pp.  133, 190. 
c  dL,  pp.  %ii-iiL 
c  at.,  p.  1S7. 
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Fid.  XIII. — S««tion  tbrougb  »  Fentacrinoid  with  a  closed  tentaODlar  tm- 
tibule,  tbe  month  not  having  jet  broken  through  to  the  exterior. 
(Altei  OdttcO'  <>*•  Ambolacral  epithelium.  al.  Alimentai; 
canal.  an.  Rudiment  of  anui,  marking  the  position  of  the  blasto- 
pore. Ip.  Posterior  division  of  the  left  peritoneal  sac,  from  «hid 
the  Bnbtentacular  canals  are  derived.  Ip',  Its  anlflrior  diviiion, 
forming  the  tentacular  vestibule.  m.  mouth.  mt.  Mesantttj, 
aeparating  the  cavities  of  the  right  and  left  peritoneal  sacs.  r. 
Boof  of  tne  teutacnlar  vestibule  =s  vault  of  Falaoeriiioidea.  ff. 
Right  peritoneal  sac,  giving  rise  to  the  greater  part  of  the  bodj  oarity. 
rp.  Its  posterior  eiienaion  into  the  developing  stem.  (.  ^ntadei. 
wr.  Watervascnlar  ring. 

though  I  do  not  think  it  applicable  to  the  Cystida  with 
grooves  on  the  "vault."  It  gives  us  a  complete  eiplanation 
of  their  subtegminal  mouth,  the  presence  of  which  has  been 
80  successfully  demonstrated  by  Wachsmuth,'  in  accordance 
with  Schultze's  suggestion.*  Thug,  in  many  Palteozoic 
genera  the  mouth  is  permanently  subtegminal,  white  in  the 
more  modem  forms  it  is  only  temporarily  so  during  the 

'  Loo.  oit.,  p.  637- 

>  See  Plate  xxvi,  fig.  19,  of  Qotte's  paper. 

»  Loc.  cit.,  pp.  116,  130. 

•  Loo.  dt.,  p.  7  (119), 
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Pentacrinoid  stage  o(  development,  aud  ultimately  opens 
dircctlv  W  the  exterior.  Waclismuth'a  deecriptions  of  some 
nataral  caits  of  the  structures  below  the  vault  of  the 
Aetinocrinidte  correspond  in  a  most  striking  manner  with 
wbai  Gotle  has  shown  to  be  the  condition  of  the  young 
Peniaenaoid. 

He  describes  the  centre  of  radiation  for  the  concealed 
unbolacn  as  a  variously  shaped  space  or  plane,  sutrouitded 
by  a  furrow.  The  middle  of  this  Bpace  is  frequently  occupied 
by  a  small  opening,  or  by  a  little  cone  indicating  an  apcr- 
iurw  leading  to  the  inner  cavity.  This  little  central  opening, 
situated  at  the  upper  end  of  the  vertical  axis  below  the 
vaali,  occupies,  as  Wachsmuth  points  out,  the  same  position 
aa  the  mouth  of  Antetion  occupies  in  the  peristome  (fig.  xiii, 
m).  Now,  this  lip  or  {wristome  is  nothing  more  than  the 
€oof  of  the  tentacular  vestibule,  which  ia  closed  till  late  in 
tb«  Pentacrinoid  stage  (dg.  xrii,  r),  but  ultimately  opens  to 
the  exterior;  while  the  corresponding  space  in  .^ch'nocrinus 
renuuna  permanently  closed  and  covered  in  by  the  system  of 
actinal  plates,  namely,  the  single  central  one  with  the  six 
(=6)  orals  around  it. 

Gottc's  suggestion  also  helps  us  to  understand  why  there 
ti  no  central  actinal  plate  developed  inside  the  oral  circlet  of 
CvmaliJa.  For  it  would  be  situated  precisely  at  the  point 
where  the  rupture  of  the  peristome  occurs  that  places  the  tenta- 
cnlai  Tealibulf,  into  which  the  true  mouth  opens, in  communi- 
cattoa  with  the  exterior.  Were  it  developed  it  would  only  be 
ID  tb«  way,  and  hare  to  undergo  resorption  to  a  greater  or  less 
ortmt,  just  as  the  central  abactinal  plate  of  many  Urchins  is 
more  or  less  completely  resorbed  after  the  appearance  of  the 
tnoa. 

We  find,  then,  that  the  oral  system  of  the  Palaocrittoijea 
cooaifta  of  a  central  actinal  plate,  around  which  six  {=  five) 
«ral  platea  are  disposed.  The  resemblance  between  this 
amngcnwnt  and  that  of  the  central  abactinal  plate,  with  the 
five  baaaU  disposed  interradially  around  it,  strikes  one  at 
oeec,  aad  we  thus  find  a  complete  correspondence  between 
tba  prunitiTe  conditions  of  the  skeletal  elements  developed 
atwKoA  tbv  two  peritoneal  sacs  of  the  Crinoid  larva.  On  the 
■etiaal  aa  well  as  on  the  abactinal  side  there  is  a  *ingle 
ecotral  plate  Mirrounded  by  five  others,  which  are  inter- 
ndial  in  poaition.  There  is,  however,  no  known  Crinoid  in 
wbiefa  we  find  ibis  primitive  condition  persisting,  even  a 
cmbryouic  feaiure.  For  the  central  actinal  plate  is  limited 
lo  tbe  PaUBOcrinoidea,  while  in  all  but  JJolopus  (so  far  as  is 
)  Hie  ni<l<menls  of  the  stem  make  their  appearance  at  . 
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a  very  early  stage  of  deyelopment^  simnltaneoualy  with  those 
of  the  other  plates  of  the  skeleton^  and  (as  I  believe)  carry 
away  the  central  abactinal  plate  from  the  neighbourhood  of 
the  basals.  A  suggestion  essentially  similar  to  the  one  just 
made  has  ahready  been  put  forward  by  Wachsmuth/  who 
regards  the  central  abactinal  plate  as  the  basis^  a  view 
which,  as  I  have  already  endeavoured  to  show,  is  no  longer 
tenable.'     Wachsmuth  also  compares  the  interradial  peri- 
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pheral  plates  (orals)  of  the  actinal  surface  to  the  so-called 
parabasals  or  sabradials  of  the  abactinal  system^  which 
"  were  undoubtedly  the  Jirst  developed  parts  of  the  dorsal 
side,  and  the  parts  which  are  the  most  highly  developed  in 
the  Cystideans/'  It  will  be  noted  how  this  passa<re 
strengthens  the  arguments  which  I  have  already  brou^^ht 
forward  in  favour  of  the  view  that  the  so-called  subradials 
are  the  true  basals  of  those  Crinoids  in  which  they  occur. 

The  diameter  of  the  visceral  mass  of  the  Pentacrinoid  is 
so  slight  that  the  orals  are  sufficient  to  cover  it  in  com- 
pletely on  the  ventral  side.  But  in  the  Palceocrinoidea  it  is 
not  only  absolutely,  but  also  relatively,  much  larger,  so  that 
the  oral  or  *^  apical "  system  alone  is  insufficient  to 
cover  it. 

Accordingly  we  find  that  the  ^^  apical''  plates  do  not  make 
up  the  whole  of  the  vault  of  the  Palceocrinoidea,  but  "  there 
are  other  summit  plates  following  a  radial  direction,  which 
are  either  attached  to  the  apical  pieces  or  separated  from 
them  by  a  belt  of  small  polygonal  plates,"  while  the  inter- 
mediate spaces  between  these  radial  areas  are  occupied  by 
the  interradial  plates  of  the  vault.  The  number  and  arrange- 
ment of  these  plates  vary  greatly  in  different  species,  accord- 

*  Loc.  cit.,  p.  1S9. 

'  Part  I,  tliib  Journal,  Vol.  XVIII,  pp.  3G0,  370,  371. 
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ing  to  the  number  of  primary  arms  that  spiing  out  directly 
from  the  body.  As  a  general  rule,  according  to  Wachsmuth,^ 
"  llie  summit  plates  increase  in  proportion  to  the  number  of 
primary  arms  of  a  species,  in  the  same  manner  and  on  the 
Mme  principle  as  the  plates  of  the  dorsal  side." 

We  find  then,  that  in  the  PalEeocrtnoidea  there  is  an 
ahDMt  complete  correspondence  in  the  skeletal  developments 
on  the  actin&l  and  abactinal  surfaces  of  the  body.''  The  centre 
is  occupied  in  each  case  by  a  single  plate,  surrounded  by  five 
others,  which  are  situated  interradially.  But  the  lirst  and 
Mcond  radials  of  the  abactinal  pole  appear  to  be  unrepre- 
sented on  the  sctinal  surface.  Peripherally,  however,  there 
is  again  a  very  close  correspondence  in  the  arrangemeut  of 
tb«  plates  on  the  two  surfaces. 

The  TBuit  of  the  Palaocntioidea  appears  to  be  something 
tmi  generis,  and  altogether  unrepresented  in  our  more  modern 
forms.  According  to  Wachsmuth,^  with  whom  I  entirely 
agree,  "  it  cannot  in  the  remotest  degree  be  homologised  with 
the  ventral  peristome"  of  the  recent  Crinoids.  "It  forme  a 
continuAtton  of  the  radial  and  interradial  series  of  the  dorsal 
■ide,  and  serves  merely  as  a  covering  and  protection  for  the 
urgans  underneath,"  There  is  every  reason  to  believe  that 
these  wi^te  of  essentially  the  same  character  as  in  the  recent 
Crinoids,  namely,  ambulacral  grooves  with  the  radial  water- 
veuela  andeilying  ibem.  The  ambulacra  of  a  Comatula  or 
Pentacritua  are  continued  from  the  arms  on  to  the  disc, 
where  ihey  converge  towards  the  peristome;  while  in  the 
PaUtocrinoidea  they  enter  the  cavity  of  the  vault  by  aper- 
tom  at  the  base  of  each  arm,  and  continue  their  centripetal 
direction  as  subtegminal  channels  along  the  inner  surface  of 
the  Taolt.  These  channels  were  first  discovered  in  Actino- 
eramt  by  Huxley  and  Billings,^  and  are  "  floored  by  a 
■eric*  of  plates  vrhich  form  an  elongated  arch  under  them." 
Altamating  with  the  upper  edges  of  these  plates  there  are 
found,  in  (i^od  specimens,  two  rows  of  minute  quadrangular 
inttglocking  plates,  longitudinally  arranged  so  as  to   cover 

N, tubes.  Hence,  under  the  vault  these  canals  must  have 
i  "  formed  of  two  rows  or  pieces  below  {aubambulacral) 
[two  above  {super ambulacral),  all  alternately  ananged." 
n'acbsmulh,  as  by  Meek  and  Worthen,^  they  are 
U>c.c>i.,  p.  IRT. 
■  Sm  Aadeodo,  No.  3.  oa  p.  tUl. 

•  Loc.  cit.,  p.  ISO. 

•  ■'  Ob  the  Cj^lMea:  0/  llie  Lowor  Silarinn  Rocks  of  Cnnailii,*'  '  Geo- 
Ifnpbinl  SorvG}  tA  Canads.'  decade  iii,  p.  37. 

''  "  Notci  (ID  lomc  poiati  in  the  Stmctare  and  Uabils  of  the  Palvoxoio 
■Tlw  Cmdiaa  Nktunliit.'  iSCS,  pp.  «3, 144. 
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regarded  as  continuations  of  the  ambulacral  grooves  of  the 
arms. 

In  these  Actinocrinidm  the  structure  of  the  arms  is  not  yet 
known;  but  in  Cyathocrinus  the  brachial  ambulacra  are 
bordered  by  a  row  of  interlocking  triangular  plates^  which 
Wachsmuth^  compares  to  the  "  marginal  plates  ''  in  recent 
Crinoids.  They  rest  on  an  outer  row  of  plates  longitudinally 
arranged  and  attached  to  the  arm-joints.  This  double  series 
of  alternating  plates  extends  beneath  the  vaulf  of  Oyatho^ 
crinus,  but  the  subambulacral  plates  appear  to  be  absent 
from  the  grooves  of  both  vault  and  arms.  We  thus  find  that 
the  ambulacra  of  the  Crinoids  may  be  surrounded  by  three 
sets  of  plates — (I)  An  upper  series^  present  in  both  Ckfotho- 
criniM  and  ActinocrintM.  (2)  An  under  series  present  in 
Actinocrinua  only.  (8)  A  lateral  series^  present  in  Cyailuh 
crimes  only  (so  far  as  we  yet  know).  Wachsmuth  has 
already  pointed  out  the  homology  of  the  upper  series  (1)  with 
the  marginal  plates  in  recent  Crinoids  (fig.  xiv  Bup)^  but 
he  has  overlooked  the  fact  that  both  the  other  series  (2^  8) 
are  also  represented^  at  any  rate  in  the  disc  of  PerUacrinus 
caput-medtMiB.    According  to  Miiller^-* 

"An  den  Armen  und  Finnulae  beschraoken  sich  die  kalkigen  Bildaogen 
anf  der  Yentralseite  bloss  auf  die  Sanmplattchen  der  Ajnbolakralrinnen. 
Am  Eelch  dagegen  sind  die  Ambulakralrinnen  noch  aosser  den  Saumplattchen 
durch  kalkigen  Bildun^en  nnterstiitzt.  Diejenigen  Plattchen  welche  den 
Rand  der  Ambulakralrinnen  bilden,  baben  eine  wallartige  Erbohung  und 
dienen  den  Ambulacra  Sowohl  fur  Einfassung  als  fur  Stiitze  der  aufger- 
ichteten   Saumplattchen;    man    kann    sie   Seitenplatten   der  Ambulacra 

nennen Unter  der    weichen   Auskleidung    der   ilinne 

liegen  auch  noch  Tiifelchen." 

This  last  set  of  plates  (fig.  xiv  suh)  was  termed  suhamhu- 
lacral  by  Miiller,  and  there  can,  I  think,  be  little  doubt  that 


sai. 


EiG.  XIV. — Diagram  of  the  plates  surrounding  the  ambulacra  on  tbe  disc 
of  Pentacrinus.  Slightly  altered  from  J.  Miiller.  ad.  Adambu- 
lacral  (3).  an,  Anambulacral.  sub.  Subambulacral  (2).  sup. 
Superambulacral  =  marginal  plates  or  ''Saumplattchen  (1).  irr. 
Water  vessel. 

it  represents  the  double  row  forming  the  floor  of  the  subteg- 
minal  galleries  of  Actinocrinus, 

*  Loc.  cit.,  p.  122. 

^  "  Ban  der  Echinodermen,"  loc.  cit.,  p.  57. 
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These  gsUeries  enclosed  between  the  super-  and  sub- 
unbalacnl  plates  lodged,  I  believe,  not  only  the  ambulacral 
groOTM  but  bIbo  the  water  vessels.  In  the  recent  Crinoids 
KDd  Starfishes  these  two  are  separated  in  each  arm  by  a 
nnnbranous  partition  containing  several  structures,  which 
Deed  not  be  considered  here.  Around  the  mouth  the  grooves 
expand  into  »  peristomial  area,  beneath  which  is  the  water- 
TSMTular  ring.  The  subteginiaal  galleries  of  Actinocrinua 
open  into  what  Waehsmuth'  calls  an  "annular' vessel,"  com- 
posed of  minute  interlocking  plates,  and  resting  on  the 
coDYolaied  digestive  organ.  This  ring  has  five  small  open- 
ings leading  into  the  subtegminal  galleries,  and  alternating 
with  thc*e  on  the  lower  side  of  the  ring  there  are  five  other 
imkU  openings,  which  Wachsmuth  supposes  to  have  been 
^  to  connection  with  organs  of  the  interradial  system  (com- 
"~|Btcating  perhaps  with  a  circulatory  system)." 

This  "  annular  vessel "  represents,  I  believe,  both  the 
nial  area  of  our  recent  Crinoids  and  the  subjacent 
ter-%'>scular  ring,  which  is  only  separated  from  it  by  mem- 
br&De.  It  is  easy  to  understand  the  nature  of  the  inter- 
radial openings  on  its  floor.  I  imagine  them  to  be  the 
openings  of  the  small  tubes  which,  in  the  recent  Crinoids, 
depend  from  the  water-vascular  ring  into  the  body  cavity. 
AccOTdins  to  Ludwig,*  tbey  open  freely  into  it,  and  are  to 
be  regarded  as  afferent  vessels  serving  for  the  introduction 
of  water  into  the  ambulacra!  system,  and  therefore  as  coUec- 
tmlf  tcpresenting  the  sand  canals  of  the  other  Echino- 
dmns.  In  the  Ophiurids,  bovever,  there  is  not  only  a 
mod  ctoal  extending  from  the  madrepoiite  to  the  water 
ratcalar  ring,  but  depending  from  this  ring  into  the  body 
caiity  there  are  a  number  of  apparently  ceecal  diverticula, 
the  tata  amivUicralia  cavi  of  Simroth.^  The  resemblance 
between  these  nnd  the  so-called  "  Steincanale  "  of  the  Cri- 
noids is  Tcry  close,  as  pointed  out  by  Huxley*  and  the  two 
Mta  of  tubes  appear  to  me  to  be  truly  homolDgous,  Like 
Grccff,'  I  am  not  altogether  sntistied  (pace  Ludwig)  that 
they  acioally  open  into  the  coelom  in  Cumatula,  while 
Siauotb  believes  them  to  be  blind  in  Ophiactit.  Hence  I 
cannot  quite  igree  with   Ludwig's  view  of  their  character. 

'  Jjx,  dt,  ^  138. 

*  "  Cfinoidw."  loc.  cit.,  p.  j'>. 

*  **  AaaiiMiic  md  ScliUogooin  dor  Opkiiictii  vireiu,  Stri.,"  ZeitKb.  f. 
«M-  Zoel.,'  nviii.  p.  4&6. 

*  '  Tlie  AaatMnj  of  lavcrtcbrated  AnimaU,'  p.  5SG. 

*  "  C^K    dca    Baa    der  Crinoideen,"    '  &Urburg    Siltuogtbcrictilv,' 

Ko.  I.  IS79.  ^  n. 
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For  if  they  do  functionally  represent  the  sand  canals  of  the 
other  Echinoderms^^why  do  they  coexist  with  the  sand  canal 
in  the  Ophiurids  ?  Whatever  their  nature,  however,  they 
were  present  in  Actinocrinus^  but  greatly  reduced  in  number. 
In  both  Antedon  and  Actinometra  they  are  extensively  deve- 
loped ;  but  Ludwig  has  found  that  in  JRhtzocrintM^  there  is 
but  one  in  each  interradius,  and  I  imagine  that  this  was  also 
the  case  in  Actinocrinus. 

From  what  has  been  said  above,  it  will  be  evident  that 
I  entirely  accept  Schultze's  hypothesis  of  a  subtegminal 
mouth  in  the  Pal4Bocrtnoidea,  which  has  been  attacked 
by  Billings,^  but  ably  defended  by  Wyville  Thomson/ 
Liitken/Meek  and  Worthen/and  lastly,  by  Wachsmuth.* 
The  last  mentioned  observer  says  that  *'  The  little  central 
aperture  located  at  the  upper  end  of  the  vertical  axis, 
occupied  on  the  casts,  and  hence  below  the  vault  of  these 
Crinoids,  exactly  the  same  position  that  the  internal  mouth 
of  AfUedan,  occupies  at  the  peristome,  while  the  position  of 
the  string-like  ndges  (in  case  they  represent  passages,  as  I 
can  hardly  doubt)  is  analogous  with  that  of  the  open  food 
grooves  of  recent  Crinoids/'  I  cannot  but  believe  that 
Wachsmuth^s  explanation  of  these  ridges  is  the  true  one, 
though  it  is  by  no  means  necessary  that  they  should  repre- 
sent  closed  passages.  In  many  recent  Comaiuke  it  is  ex- 
ceedingly common  for  the  ambulacral  grooves  of  the  disc  to 
be  considerably  raised  above  the  interarabulacral  areas,  so 
as  to  present  an  appearance  of  ^^  elevated  rounded  ridges 
almost  like  strings  overlying  the  surface,"  just  as  Wach- 
smuth  describes  in  his  casts. 

Billings'  objections  to  the  theory  of  a  subtegminal  mouth 
in  the  Palaocrtnoideay  appear  to  me  to  be  the  result  of  a 
confusion  of  terms,  and  of  a  want  of  acquaintance  with  the 
anatomy  of  recent  Crinoids.  In  the  first  place  he  described 
two  quite  distinct  and  separate  structures  under  the  single 
name  of  "  ambulacral  groove."  On  p.  20  of  the  Decade,  he 
used  this  term  in  the  sense  in  which  it  was  used  by  Miiller, 
namely,  to  denote  the  furrows  radiating  outwards  from  the 

*  Loc.  cit.,  p.  118. 

^  "  Notes  on  the  Structure  of  the  Crinoida,  Cystidea,  and  Blastoida," 
•Canadian  Naturalist/  1869,  pp.  277—283,  and  1870,  pp.  191—198. 

'  "On  the  Structure  of  the  Palaeozoic  Crinoids,"  'Nature,'  vol.  iv, 
pp.  496—497. 

*  "Notes  on  Loven*s  Articles  on  Leskia  mirabilis  and  on  Hypoucme 
Sarsii"  *  Canadian  NaturaUst,'  1868,  pp.  439—441,  and  1869,  pp.  267— 
S69. 

*  Loc.  cit.,  pp.  441 — 446. 

*  Loc.  cit.,  pp.  116—120. 
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month  over  the  reutrat  perisome  of  the  disc  and  arms. 
These  grooves  are  altogether  outside  and  above  the  radial 
tniDkfl  of  the  water-Tascular,  blood -vascular,  and  generative 

Sateau,  which  are  covered  in  by  the  ventral  perisome  bearing 
e  grooves.  Billings,  however,  supposed  that  "  the  grooves 
of  t£«  omw  arc  occupied "  by  these  tubes,  and  spoke  of 
tbem  Ba  continuett  into  the  interior  of  the  vault  by  notches 
in  ihc  fir«t  radial  plates.  Here  he  confounded  the  supra- 
t^minal  ambulacra  with  vrhat  I  have  elsewhere  described 
aa  the  "  ventral  radial  furrow,"  occupying  the  middle  line  of 
the  akeletoQ.  All  the  soft  parts  of  the  arm  are  situated 
aboTe,  this  skeletal  groove,  but  beneath  the  ambulacral 
groove,  which  Miiller  ivas  accustomed  to  call  the  "  Ten- 
taiekvaie,"  in  distinction  to  the  skeletal  one  which  he 
termed  ihe  Armrimw  "woria  Weichtheile  gelegen  sind.'" 
BiUtDgs,  however,  confounded  the  two,  and  because  the  vas- 
euitf  and  generalive  tubes  which  lie  above  the  armgroove 
(Wing  partially  contained  in  it)  do  not  communicate  with 
the  Btomach,  be  supposed  it  to  have  been  impossible  for 
food  particles  to  gain  access  to  the  interior  of  the  animal 
from  the  arms  of  a  Falieocrinoid,  which,  as  far  as  we  know, 
membled  in  these  points  the  arms  of  a  Cumattila  or  Penta- 
erima.  Here  he  quite  overlooked  the  fact  that  the  ventral 
pemomc  covering  the  arm  of  a  recent  Crinoid  bears  the  true 
unbahcral  groove,  along  \Thich,  and  therefore  above  the 
TMctiUr  tniiuis,  ihe  food  particles  travel  towards  the  mouth. 
The  Tenuoa  of  these  brachial  ambulacra  are  found  in  the 
Paimter iuoiJea,  itnd  they  uudoubtedly  enlercil  the  vault  by 
the  unbulacnl  openings  at  the  bases  of  the  arms,  which 
Bilhngt  himself  iliscoveied,  together  with  and  above  the 
nscnUr  trunks.  Billings^  supposes  that  the  ambulacra  of 
ihe  Criaoids  and  Astcrids  contain  the  vascular,  nervous,  and 
fenentive  liuoks,  "  which  are  situated  on  the  outside  of 
the  uiimftl,  and  coinmtmicate  with  the  interior  throuijh  the 
■uwfA."  Consequently  he  regarded  this  aperture  as  having 
three  fuuciionB,  being  (Ij  the  oral,  (2)  the  ovarian,  and  (3) 
ibe  anbolacral  opening,  and  he  therefore  compared  it  with 
respect  to  the  last  two,  to  the  openings  at  the  arm  bases  of 
tbc  Pal4Kcriuoidea.  These  were  undoubtedly  both  ovarian 
And  ambolBonU,  as  the  generative  organs  and  the  water* 
teeeeb  pueed  through  them  to  reach  their  respective  cir- 
camonl  eentiei.  The  ambulacra  of  the  arms  also  entered 
bcre  and  converged  towards  a  subtegminal  mouth.  Billings 
icfbaed  to  wlmit  the  oral  nature  of  this  opening,  which  he 
'  "  Ptutaerimit,"  loe.  clt.,  p.  33, 
*  Decxle  iii,  loc.  cit.,  p.  19. 
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appeEzcd  xo  rtr^x  vt  %  vemsnl  Mmhoiaenl  orifice,  and  con- 
«H|ttest2T  fcppraed  usu  oq  Sdmhs's  thconr,  "  Caryocrinus 
^r»mSMi  MIS  A  ^T^ccoDf  *^^»-«l,  uid  drew  in  its  food  through 
its  Kx  oT-jiriti   x-wn^RSw""    To  mt,  ss  it  did  to  Billings/ 


Wriiije  TbrrzLssccL.'  AzmaBiJ  Juvd  Lntken  hmTe  laid  great 
stress  osi  ibe  ffert  ''•-*?  in  ill  I2be  reeent  £chinodenns  the 
■Boath  is  in  the  resist  c<  At  rbdiil  si^tem,  and  that,  there- 
five,  the  TalTnlar  crIS«  c£  the  Pmlmotrimoidfa,  which  is 
sinuted  at  the  pocii  £=.  lae  n:ilt  behind  the  radial  centre  of 
the  amlKiLKza.  cinn-x  posiblT  be  the  month,  but  is  probably 
the  anos^ 

Billings  adaEi::ed  the  uzLi^isrsil  connection  of  the  mouth 
acd  TtdiAl  cenae  ia  :hie  ricec.t  Echinodenns,  but,  being 
firmlT  conrcDced  thi:  the  TalYnIir  orifice  was  oro-anal  in 
funcdod,  he  zssertec*  that  ^  ia  at  least  a  large  proportion  of 
the  palsKiiixc  Crizioi>i$  the  mouth  was  altogether  discon- 
nected 6om  uie  ndfju  srsrem.**  this  betng  eyident  from 
**  simple  tti^pectioc:.**  He  did  nc^.  howcTer,  make  it  dear 
how  **  simple  iz^p^ecdon'  cjl:i  demonstrate  the  oral  nature  of 
the  Talrnl^r  eridci?.  He  supposed  the  same  to  have  been 
the  case  in  the  Cysdds.  in  which,  like  De  Koninck^  and 
Gray,*  be  regarded  the  **  OTxrixn  prnmid**  of  Von  Buch  as 
oral  in  fuacti-^n :  while  the  small  opening  near  the  centre  of 
th«:  upr«cr  ror:  ■::  :hc  rccv.  f:::n  whi:h  :he  imbulacra  radiate, 
was  cjLllvi   :v   -ini   i-   i=i':r.i:ril    :r.£:e/  throu^rh   which 

,w=   Tt^>c.>  >.  .-r    JL,^.rr. -5  >]f>.cui  ii.:!  ot  tae  organs  oi 

r\:j.r -•>-— ^ .*, >-  ^» ^-^  >..-.i^z,-^  .—  .^.^  ,zt^>'-V6>  oi  tne  arms 

ccniniu^.icdtcvl'ST::'-  :~=  iniiri::.'  L:vt:i-  iiis  entirely  adopted 
Billirc>*  v:r^>.  ru:  Aci5>-i.  1  i::  L-:kf-  iz.i  Wyviile  Thorn- 
<o:.,  hi>  :tc:<.tI  :lif:u  <:r:"^'v.  i~i  r-jL~rtn<  the  views  of 
^  o.bcr:h  jlhI  Mull^r.  :hi:  :"-f  =::u:h  is  it  the  radial  centre 
of  ihe  imbulicri.  iui  is,  in  ru:,  the  tninute  ambulacral 
ori£ce  cf  Btlli::*:^- 

It  ipr^ir?  :o  me  th-i:  :hrrt  cin  l>r  no  doubt  about  this  so 


'aillLaz  Ni  .rx-i 


—*•->- -i-   w   -  -.._1..         • J>— — »     -  -     -       - 

'    •N::e  :-   Lrrrzj  X:z.:y  :z  Itix  ^  «  -jVu/'  *  AzzaIs  :f  the  Lj- 

me  Br;;*-  .\I.ii<— \   ISlo.  r.  to, :.  ^.  :.  a. 
•  Decaiie  L.  p.  15. 
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Wmiites  is  concerned,  this  being  tlie  type  taken 
for  compariBon  with  the  other  Echinoderms. 
lie  Thomson,  indeed,  regards  these  forms  as  "  Crinoids, 
r  a  p«rmlli;l  group ;"  »ml  1  imagi  ne  their  ventral  surface  to 
bp  in  every  respect  homologous  with  that  of  our  modern 
Crinoids,  more  especially  of  AcHnometra.  In  this  genus 
the  lunbalacra  form  an  open  horseshoe-shaped  curve,  very 
noch  u  in  Sj^aronitc».  The  mouth  is  placed  in  the  middle  of 
ibu  cum,  but  it  is  ofleti  extremely  small  and  inconspicuous, 
bcitig  merely  a  short  and  narrow  slit  in  the  peristomial 
utm. 

I  hftve  often  experienced  great  difficulty  in  finding  it  even 
in  nrint  specimens,  in  which  the  perisome  was  quite  bare  ; 
while  ill  tlry  specimens  of  such  species  as  Acl.  Solaris,  in 
whidi  the  anambulacral  plating  is  often  very  completely  de- 
veloped, I  should,  like  Miil1er,<  have  altogether  failed  to  find 
il,  had  1  not  known  with  tolerable  certainty,  from  other 
coMidentions,  where  to  look  for  it.  1  imagine  the  Cystids 
with  calycine  ambulacra  to  have  resembled,  in  this  respect, 
rach  rrccnt  Crinoids  as  Hyocrinue,  in  which  there  is  an  ex> 
teanrc  anAmhulacral  plating  on  the  disc  and  minute  plates 
in  the  marginal  leaflets  at  the  sides  of  the  ambulacra.  We 
<nd  precisely  the  same  condition  in  the  so-cnlled  recent 
Cyttid,  Mifpottome  Saraii,  in  which  the  ambulacra  are  fringed 
•ad  overlapped  by  inaigina!  scales,  while  the  remainder  of 
the  ventral  surface  "  is  clothed  with  rather  small,  thickset, 
trregnUi  »cale»i"  and  it  appears  to  me  that  Wyville  Thora- 
•0©*  i»  right  in  regarding  Hyponome  as  a  true  Crinoid. 
Aecocdias  to  Lovcn^  the  "absence  of  any  indication  of  a 
calyx"  tells  strongly  against  this  view,  but  I  believe  that 
Bjftmem*  ia  merely  the  disc  of  a  Crinoid,  which  has  fallen 
odt  of  it!  calyx,  and  that  indications  of  its  attachment  to  a 
tkdetoa  are  aeen  in  the  *'  five  broad  dichotomous  rays  on  the 
fataal  nuface."' 

Thoa  ihen  I  regard  the  vault  of  the  Cystids  (at  any  rate 
^  tboM  with  open  ambulacra),  as  quite  distinct  from  the 
Ttall  of  the  PaUocrinoiiit,  but  as  homologous  with  the 
VBBtral  peiiione  of  our  recent  Crinoids.  This  is  frequently 
limd  with  an  extensive  anambulacral  plating,  which  is 
piltwaud  by  the  small  water-pores.  In  Pentacrinat  most 
af  the  anambulacral  platea  are  fierforated  iu   this  way,  the 

*  "  Debar  die  Gattiuw  Ctftnli,  Lun.  uod  ilire  Arteo,"  '  Abbandl.  der 
Bada  Akad^' 1M7,  M*6. 

■  ■  Naan,'  be.  diL,  p.  197. 
"Oa  B/^»nm  Sanii,  a  ncent  C;itideu),"  'Cansduui  Naturaliit, 

»^"  •■**—•-  No.  *,  OB  p.  aofi. 
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water-pores  being  very  numerous,  and  in  CarjfocrmMs^  the 
pores  are  also  numerous,  but ''  nehmen  den  antiambulactalen 
Theil  des  Kelches  hinter  den  Armen  bis  lur  Basis  ein." 
On  the  other  hand,  Ludwig'  has  shown  that  in  JRiizoermus 
there  is  but  one  water-pore  in  each  interradial  area  -of  the 
disc^  although  the  plating  of  the  perisome  may  be  very  ezten- 
sive.  Water-pores  are  found  in  most  Cystids,  being  yariouslj 
arranged  into  poriferous  or  tubular  structures,  but  the  distn- 
bution  of  these  is  very  different  in  different  genera.  They  are 
usually  antiambulacral,  as  in  OartfoermuB,  but  in  Pratocrima 
and  Olypto9phmrUe$  they  occur  between  the  ambulacra  of 
tbeyentral  surface  as  in  Pentacrmus.  Billings'  has  at- 
tempted to  show  ''  the  gradual  passage  or  conversion  of  the 
respiratory  organs  of  the  Oystidea,  BlaUaidea^  and  PalaO' 
erinoidea  into  the  ambulacral  canal  system  of  the  recent 
Echinoderms/*  I  cannot,  however,  regard  his  attempt  as 
successful.  This  is  not  the  place  for  a  critical  examination 
of  his  arguments,  but  I  may  remark  that  the  pectinated 
rhombs  of  the  Cystids  and  the  hydrospires  of  the  Blastoids 
are  all  interradial,  while  the  water-vascular  trunks  of  the 
recent  Echinoderms  are  radial  in  their  origin.  Fnriher, 
Muller  has  pointed  out  that  the  homologues  of  the  former  in 
the  recent  Crinoids  are  the  water-pores  of  the  disc,  the  exist- 
ence of  which  appears  to  have  been  quite  unknown  to 
Billings;  and  Ludwig^  has  recently  shown  the  very  close 
resemblance  between  the  structure  of  the  so-called  genital 
clefts  of  the  Ophiurids  and  the  hydrospires  of  Pentatremites, 
so  that  there  is  no  occasion  to  seek  for  the  homologues  of  the 
latter  in  the  water-vascular  system  of  the  Crinoids  or 
Ophiurids  as  Billings  has  done. 

The  skeleton  of  a  modem  Crinoid  then,  may  be  regarded 
as  composed  of  three  distinct  systems  of  plates,  viz.  the 
abactinal  or  apical^  the  actinal  or  oral^  and  the  intermediate, 
which  is  both  ambulacral  and  inter-  or  anambulacral.  These 
may  be  developed  in  very  different  degrees  of  complexity, 
especially  in  the  older  forms.  Their  mutual  relations  are 
presented  as  simply  as  possible  in  the  modern  HyocrintUi 
while  in  genera  like  Eucalyptocrimis  and  Hhodocrinus,  one 
or  more  of  these  systems  is  extremely  complicated  by  the 
extensive  subdivision  of  its  primary  elements  and  the  de- 
velopment of  secondary  ones.     Lastly,  in  Comatula  the  oral 

^  *  Bau  der  Echinodermen,'  p.  64. 

'  Loo.  oit.,  p.  118. 

«  *  Canad.  Nat./ 1869,  p.  426. 

*  «'Beitragenir  Anatomie  der  Ophiuren,"  *  ZeiUchr,  fiir  wisa.  ZooL'  Bd. 
zxxi»  pp.  282-285.  ' 
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and  the  apicdl  systems,  although  extremely  well  developed 
in  the  Urra,  tin<Iergo  very  exteosive  changes  which  result  in 
tb»  tt>Ui)  disappearnnce  of  the  oral  srstem,  and  a  consider- 
able modification  of  the  basal  element  in  the  calyx.  In  some 
ttopical  species  the  anambulacral  system  may  reach  a  high 
stage  of  d^relopment,  but  in  the  Briti^ih  species  it  is  very 
impeifoct  even  in  the  larva,  and  shares  (he  fate  of  the  oral 
plate*  by  undergoing  complete  resorption.' 

I  bftTe  already  endeavoured  to  determine  the  homologies 
of  the  Crinoidal  calyx  in  the  other  Echinoderms.  Let  U8 
now  attempt  to  solve  a  similar  problem  with  regard  to  the 
other  elements  of  their  skeleton.  The  oral  system  of  a 
Citnoid  consists  essentially  of  five  plates  or  series  of  plates, 
disposed  tnterradially  around  the  mouth.  I  have  already 
stated  that  I  hare  entirely  failed  to  find  any  traces  of  these 
plates  in  any  of  Agassis'  figures  of  Asterid  larvse,  and  that 
•s  Car  as  can  be  judged  from  Meiachnikoff^s  figures  their  pre- 
MDce  in  the  Ophiurids  is  very  uncertain.^  In  the  Holothu- 
riaJUi  bowerer,  the  oral  plates  of  the  Crinoids  are  very  well 
represented.  Kowalewsky'  figures  five  large  triangular  plates 
aiMtnd  tbe  mouth  of  the  young  Psolinua  brevis,  without  any 
tfMie  c^  a  commencing  skeleton  in  any  other  part  of  the 
body.  He  makes  no  reference  to  them  whatever,  but  they 
Mem  to  persist  through  life ;  if  not  in  PsoUnus,  at  any  rate 
in  Ptoitu  rphippifer  in  which, according  toWyville  Thomson, 
a  slightly  elevated  pyramid  of  five  very  accurately  fitting 
calcareous  valves  closes  over  the  oral  aperture  and  the  ring 
of  oral  tentacles. 

A^ain,  Krohn*  describes  a  Holothiirian  larva  in  which  tbe 
benln  of  the  blunt  and  rounded  anterior  end  is  "durch  5 
»B»«ptiiigendc  durchlocberte  Kalkscheibchen  in  eben  so  viele 
l^ppen  getheilt."  Besides  these,  the  whole  perisome  con- 
tatna  a  nnmber  of  overlapping  reticulated  plates.  These 
abo  occur  in  the  Cucvmaria  larva  figured  by  Selenka,^  but 
thtre  ta  no  trace  of  orals,  and  the  plates  are  smaller  than  in 
Krofan's  lam,  and  not  in  contact. 

With  regard  to  the  Echini,  it  might  seem  at  first  sight 
radier  a  hopeleu  task  to  attempt  to  determine  the  elements 
flf  aa  oral  system  among  the  large  number  of  plates  which 

>  W.  B.  Onpaler, '  Phil.  Tfuu-,'  loc.  cit„  p.  471. 

>  Bh  UUii^bL.  No.  i.  p.  iOS 

*  "BwtTFy  tar  Entvickelnnn-geKhkcbte  dei  Holtburiea,"  '  St.  Pcten- 
tais  HsMtn,'  toiM  xi.  No.  0,  %:.  13. 

*  **  BaokKblQiunn  iiis  der  Eatirickclang  der  Holotburien  una  Swigel, 
'  «tB«^  AK4iv7  165'       "- 

"hu  Btttvkkf'IuDg 
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coyer  the  buccal  membrane  of  an  ordinary  Urchin.  But  in 
the  remarkable  form  Leskia  {Palaosloma)  mirabilis,  there 
are  only  five  plates  on  the  buccal  membrane.  These  are 
large,  triangular,  and  interradial  in  position,  as  tliey  alter- 
nate with  the  bases  of  the  ambulacra.  Here  I  believe  we  have 
the  key  to  the  problem,  one  which  both  Gray  and  Loven 
have  attempted  to  use,  and  in  two  different  ways,  neither  of 
which  seems  correct  when  viewed  by  the  light  of  our  present 
knowledge.  In  1851,  Gray'  wrote  as  follows,  respecting 
Leskia :  "  In  the  form  of  the  mouth  and  vent  it  has  con- 
siderable affinity  with  the  fossil  Cystidea  of  Yon  Buch,  as 
especially  the  genus  EchtHospharitcs."  Some  years  later, 
when  Billings  and  others  had  attempted  to  show  that  the 
so-called  "  ovarian  pyramid"  was  really  the  mouth  or  month- 
anus,  Loven^  compared  its  five  valves  to  those  surrounding 
the  mouth  of  Leskia,  a  point  which  seemed  to  give  con- 
siderable support  to  Billings'  views.  On  the  whole,  however, 
it  seems  most  probable  that  Agassiz,  Liitken,  and  Wyville 
Thomson,  are  right  in  regarding  the  ovarian  pyramid  as  anal 
in  function.  Agassiz'  compares  its  five  valves  to  the  five 
plates  which  cover  the  anal  opening  in  many  young  Echini, 
during  a  considerable  period  of  their  growth,  but  which  ulti- 
mately undergo  much  modification. 

Leaving  the  Cystids  for  the  present  and  returning  to  the 
simpler  and  more  comprehensible  recent  Criroids,  I  think 
there  can  be  little  doubt  as  to  the  homology  of  the  oral  plates 
of  Syocrinut  and  of  the  Pentacrinoid  laiva  of  Antedon,  with 
the  similar  and  similarly  situated  plates  in  the  actinostome 
of  Leskia.  We  have  seen  that  the  Crinoid  skeleton  may  be 
regarded  as  composed  of  three  distinct  systems  of  plates,  the 
apical,  the  oral,  and  the  intermediate.  The  latter  is 
developed  in  an  equatorial  zone,  occupying  the  lai^r  or 
smaller  area  of  perisome  which  gradually  appears  between 
the  oral  and  apical  systems  of  the  larva.  A  general 
homology  (irrespective  of  details)  between  the  apical  systems 
of  Crinoids  and  Echini  is  now  nniveisally  admitted ;  and  if, 
as  I  have  endeavoured  to  show,  the  five  oral  valves  on  the 
actioal  membrane  of  Leskia  are  homol<^ouB  with  the  oral 
circlet  of  a  Crinoid,  then  the  coronal  plates  of  the  Urchin 
mast  represent  those  developed  in  the  equatorial  zone  of  the 
Crinoid.  A  still  closer  resemblance  in  matters  of  detail 
will  be  pointed  out  further  on. 

In  some  young  spatangoida  {Brissopsis)  the  actiaostome  is 
'  Loo.  dt,  p.  63. 

*  "  Om  Lukia  mtrabilu."  loc.  oit.,  pp.  1S&— UO. 

*  Note  on  Lot&d's  utiole  oil  ZetUa  mmAUU,  loo;  oit.,  p.  343. 
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fKDlaxonftl,  while  in  others  there  is  a  smaUer  number  of 
Bctioftl  plates  than  usual,  but  Palitostoma  is  the  only  genus 
in  which  a  regular  radiate  nrrnn^ement  is  perceptible.  The 
aciinal  menibraiie  of  all  Desmoslicha,  whether  it  be  regularly 
irabricsted  or  not,  bears  ten  large  prominent  interradial 
pUt«s,  which  are  pierced  by  the  len  large  buccal  tentacles,' 
They  ippear  lo  develop  from  the  continuous  plating  of  Hnie- 
wtot>e  cells  which  extends  over  from  the  abnctiual  side  so  as 
to  cover  the  whole  actinal  surface  of  the  young  Urchin, 
Tbet  an  found  in  all  young  Echini,  being  the  first  plates  to 
appear  of  all  those  on  the  actinal  membrane,^  while  in  many 
grnera  they  always  retain  n  "greater  preponderance." 
A^aniz^  regards  them  as  homologous  with  the  five  actinal 
plain)  of  Lesh'a,  and  they  would  therefore  represent  the  five 
oral  plates  of  the  Crinoids.  This  view  is  strengthened  by 
the  ftcl  that  they  are  pierced  by  the  ten  large  buccal 
tentacles,  much  in  the  same  way  as  the  ocular  plates 
(ssrmdials)  ate  said  to  be  pierced  by  the  odd  terminal 
lentaHea  of  the  ambulacra,  while  the  orals  of  the  young 
Criaoid  are  also  op]>osite  to  five  pairs  of  short  tubular 
tcntaeln  placed  intcrradially,  though  not  perforated  by  them. 
ThaMT  orals  alternate  with  five  large  azygos  tentacles,  the 
hamolo^cs  of  which  in  the  Urchins  separate  each  pair  of 
baceal  •hicld«,  and  ultimately  become  the  odd  terminal 
IcntaclM. 

I  am  by  no  means  sure  that  Agassiz  is  right  in  comparing 
rilWB  buccal  plates  of  the  Desmoslicha  to  the  oral  valves  of 
Litakim.  In  the  first  place  they  are  paired  and  perforate, 
whila  the  latter  nw.  single  and  imperforate.  This,  however, 
n  a  comparatively  unimportant  difference.  The  one  on 
which  I  wuold  lay  most  stress  is  the  mode  of  origin  of  the 
buccal  shield*,  which  is  very  diSerent  from  that  of  the  oral 
plates  of  Crimiid;.  Agai*siz  himself  describes  them  as 
WOMd  by  au  exteusion  of  the  limestone  plating  from  the 
abactinal  orer  on  to  the  actinal  surface.  It  can,  of  course, 
be  lined  that  this  be  alio  the  origin  of  the  oral  valves  of 
JimAta.  If  so.  they  cannot  be  homologous  with  the  oral 
ptatva  of  tbo  Crinoids ;  but,  as  far  as  mere  appearance  goes, 
tb«y  tMcmhIe  these  far  more  than  they  do  the  ten  perforate 
bnnal  shields  of  the  De»mos(icha.  Lov^n,'  however,  gives 
an  entitvly  different  interpretation  of  these  buccal  shields. 

'  *  Betmoa  of  the  Echini,'  p.  ft99,  pt«t«*  ix,  Ogt,  9  uid  4,  ud  x, 
ft*- 
'  *  BerisMO,'  p.  736. 
-  "    ■   do;  p.  SS8. 
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He  regards  them  as  the  '^  rudiments  of  the  first  primary 
plates  of  the  ambulacra/'  which  are  arrested  in  their 
extension  towards  the  peristome  by  the  resistance  of  the 
auricles  that  are  attached  to  the  internal  surfaces  of  the 
ambulacral  plates,  and  serve  as  supports  to  the  lantern. 
For  between  every  two  pairs  of  these,  nearer  the  periphery, 
he  finds  smaller  triangular  plates  intercalated,  which  he 
regards  as  the  first  traces  of  the  interradial  areas.  In  the 
Cidarida,  however,  the  bases  of  the  auricles  are  interradial, 
and  they  therefore  o£fer  no  resistance  to  an  extension  of  the 
ambulacra  towards  the  margin  of  the  corona.  As  the  plates 
successively  reach  this  margin,  their  sutures  are  opened  and 
they  undergo  considerable  changes,  so  as  to  give  rise  to  the 
imbricated  plates  of  the  actinal  membrane,  which  are 
therefore  merely  metamorphosed  ambulacral  plates.  In 
many  Urchins  (Echinus,  Temnechinus,  StrongyhcerUratus) 
the  actinal  membrane  is  quite  bare,  with  the  exception  of 
the  ten  perforated  buccal  shields.  These  are  formed  very 
early  near  the  edge  of  the  test,  but  gradually  approach  the 
bases  of  the  teeth  during  development.  In  certain  genera 
{Porocidaris)  small  imbricating  plates  are  formed  between 
them  and  the  teeth,  while  the  remaining  peripheral  part  of 
the  membrane  is  left  bare.  More  commonly,  however,  this 
is  covered  by  imbricating  plates  in  greater  or  smaller  number. 
Thus,  in  Hcmipedina  the  ten  buccal  plates  are  large  and 
occupy  nearly  the  whole  membrane,  which  bears  eight  or 
ten  very  much  smaller  ones  between  them  and  the  test. 
But  in  Salenia  and  Toxopneustes  the  membrane  is  chiefly 
covered  by  a  number  of  imbricating  plates  closely  packed 
together,  though  the  ten  perforated  buccal  plates  remain 
distinct.  In  Trigonocidaris  they  are  but  slightly  more 
prominent  than  the  others,  and  in  the  DiadematidcD  and 
Cidarid(B  all  trace  of  them  is  lost,  at  any  rate  in  the  adult, 
as  seems  also  to  be  the  case  among  the  irregular  Urchins. 
In  Echinothrix  and  in  the  EchinothuridcB  the  actinal 
membrane  is  covered,  as  in  the  CidaridcBy  by  a  number  of 
movable  imbricating  plates,  which  perform  the  part  of 
ambulacral  and  interambulacral  plates,  like  those  of  the  test 
of  an  ordinary  Urchin.  For  the  imbricated  plates  continuing 
the  ambulacral  system  on  to  the  actinal  membrane  are 
pierced  for  suckers  identical  with  those  of  the  rest  of  the 
ambulacral  zone,  extending  unbroken  to  the  actinostome  as 
far  as  the  buccal  tentacles,  which  are  not  diflterent  in  size 
from  the  other  ambulacral  tentacles. 

These   imbricating  buccal  plates   which   Loven  regards 
merely  as  metamorphosed  ambulacral  plates,  form  a  much 
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Urger  proportion  of  the  lest  of  the  Cidarida  than  the  plates 

OD  tbe  «ctiTiilroeinbtano  do  in  the  other  Urchins.     For  the 

namtMrr   of  coronitl  plates   is    amall,  especially    in   young 

»p*cimwi9,    tlie    ii-Bi    of  which    seems   to    consist     almost 

ly  of  ail  actiiial  and  abactinal  system,  separated  by  a 

iw  band  of  coronal  plates.     Further,  these  imbricated 

il  plates    are   arranged    radially  in  rows  made  np  of 

than  two  plates,  wi>h  the  plates  lappinz  in  opposite 

iona  in   the  ambulacra    and  inteTambulacra.     These 

peculiarities  are  also  found  in  the  plates  not  only  of  the 

bnecal  membrane,  but  also  of  the  corona  of  the  Echinothu- 

rid^,  nil    they    are    characieriatic    of  the    PaliechinidtE. 

HvDce,  AgMsb^  has  suggested  that  the  test   of   these  last 

was  made  up  of  plates  homologous  ^rith  the  buccal  plates 

I     'jgf  tXdarit.    Were  ihe  narrow  band  of  coronal  plates  in  a 

■■^hff  CidarU  (o  disappear  entirely,  and  the  buccal  plates 

^^^BKe   a    LOire»pondiDgly  great  development,  we  should 

^^^^b  a  tphFrical   Urchin  agreeing  in  every  respect  with  the 

^^^^eal    Palntrhinut.    The  (est    would    be   reduced  to  the 

imiial  aod  ahactiual  systems,  and  be  entirely  made  up  of 

•mail   ambalicral  and  interambulacral  plates  consisting  of 

<wral  rows,  and  homologous  with  those  of  Aslhenosoma  and 

Instead  of  regarding  (lie  test  of  a  Paleechinus  as 

log  only  of  an  abactinal,  together  with  an  enlarged 

lal  aysteai,  .Agassiz-  has  pointed  out  that  the  latter  may 

JFvlao  coQ»idereil  as  a  corona,  reaching  almost  to  the  jaws, 

Hbm  adina)  tncnibrane  being    reduced  to    an  insignificant 

■ncmber,  as  in   the  Clvpcastroids.     This  view  is  essentially 

I  that  put  forward  by  L^vSn.     It  appears  to  me  that 

I  correct  of  th<?  two,  and  I  imagine  that  the 

b  exhibit  to  us  a  condition  of  the  Echinoderm 

bIjt  similar  to,  and  yet  different  from  that  which 

lanj  Criuoids. 

\\  is  worth  notice  that  there  are  many  Holothurians,  the 

condition  of  which  is  in  xome  measure  comparable  to  that 

^e  PaltttAinidi*  and    Eehinothurida.    Thus,  in  Psolus, 

_,  OahcAims,  and  Echinocticumis,  there   is  a   flexible 

k.  #.  a  thick  leatherv  membrane,  in  which  large  cal- 

t  plaiet  firr  imbcdJcd,  and  in   Colochirus  they    are 

1  nW  feet.     The  homology  of  these  plates 

/iini  has  been  already  pointed  out  by 

<  there  is  also  an  oral  system,  hut  no 

•-  in  has  been  traced,  while  in  the  Perissa 


Philippinen,"  ii,  1.  ■  HoloUinrica,' p, 
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§ekimdm  the  levcm  it  tlie  caw.    In  the  inwalarity  of  the 

K^  dug  the  Holothaiieiis  tieewHe  the  Crinoiaii  bat  even  in 
letter  thcte  eie  tncee  of  a  radiate  arrangement  in  the 
plating  of  the  dise,  which  iceemblee  the  alternation  of  the 
ambnlacra  and  interambnlacni  in  the  teet  of  an  Urchin. 
That,  in  Penimermm^  there  are  rowi  of  email  marginal 
platee  at  the  rides  of  the  ambokcra,  and  in  the  interndial 
and  intetbrachial  areas  between  them  are  the  perforated 
anambolaGral  plates.  These  mai]|inal  plates  at  the  sides  of  the 
ambolMra  also  occoron  the  disc  and  arms  of  JBAtcocrmaif, 
and  on  the  arms  of  PemiaenmmB,  BMoerimii,  Batkyerimu^ 
and  of  the  young  A^Mhm^  in  which  usy  ultimately  undeigo 
rceorption.  Wachsmnth'  has  foond  them  aUo  in  the  arms 
of  dj/ittlMenmu  and  of  other  Patonaoin  Crinoids,  in  whidi 
diey  are  borne  upon  small  quadrangnlar  plates  ritoated  on 
the  outside  of  eadi  groove^  and  interlock  with  one  another 
over  the  middle  line  of  the  move  so  as  apparendy  to 
doee  it  completely.  Wachsmuth  believes  that  they  were 
movaUe,  and  only  dosed  over  the  furrow  when  the  arms 
were  IbUed  up.  Mulkr  found  an  outer  row  of  niates  sup- 
porting the  deKeate  marginal  plates  of  the  amonlacra  of 
xVnHerrmee  of  the  same  nature  as  those  described  by  Wach- 
amuth  in  CSfmA^arimm^  and  he  seems  to  have  called  them 
■ifemtufaiTii/  (fig.  xiT,  oiQ,  and  to  have  regarded  them  as 
homoU>|^>u$  with  the  similarly  named  plates  in  the  Asterids 
and  OphiuriiU.^  lu  this  I  entirely  concur,  and  I  would 
go  still  further  and  com^^re  the  double  row  of  marginal 
plates  coveriuj;  the  ambulacral  grooves  (fig.  xiv,  sup.)  to 
the  ordinary  JFM/*v'n;m^MAlcTll/ plates  in  the  test  of  the  Urchins^ 
and  in  the  OpM^rid^. 

In  nu>st  l^phiurids  these  plates  are  arranged  in  a  single 
rv'^w*  but  they  are  primitively  double.,  as  in  the  young  Aste- 
rids,  in  which  they  ultinuitely  Krcome  resorbed.  In  the 
Vrchius  this  is  not  the  case,  and  the  ambulacral  areas  consist 
of  two  n>ws  of  plates,  but  they  differ  from  the  marginal  plates 
of  PiintacrinHS  and  mivjt  other  Crinoids  in  being  perforated 
by  pores*  through  which  the  tubular  feet  reach  the  exterior. 
In  CjfatAocriHti^f.  however,  Wachsmuth  has  found  the  apices 
of  these  marginal  plates  to  be  i>erforated,  so  that  the  course 
of  the  ambulacra  is  marked  cut  by  double  rows  of  small 
l>ores,  very  much  as  in  the  Urchins. ' 

Another  striking  resemblance  between  the  elements  of  the 

»  MuUer,  '' F^UcrtMusr  loc.  cit.,  p.  W. 
•  Loc.  dt.,  pp.  120—121. 

»  See  Huxley's  -  Lectures  on  Gez:eral  N»niiml  Historv." 
Times  and  Gaiette;  Dec.  15,  IS56,  p.  5Sr. 
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ainbutacral  skeleton  of  the  CrinoiJs  and  of  the  other  Eeiiiiio- 
il«niis  ba«  already  been  mentioned.  Underlying  the  ambu- 
Ucra  on  the  iU«c  of /'en^acrinw*,  Midler' found  a  series  of 
m«dixn  aiygns  jdates,  which  he  termed  subambulacral,  and  he 
coinpar<^  them  to  similar  plntea  found  by  Roemer  beneath 
tbe  ambulaern  of  the  Blnstoids.  I  pointed  out  above  that  they 
we  also  represented  in  the  PalEeocrinoidca.  Miiller  rightly 
re^rded  them  ns  corresponding  in  their  position  with  respect 
to  the  water  vessel  with  the  radial  oesicleB  of  the  oral  calca- 
reous ring  in  the  Holothurians,  and  with  the  rotulsc  in  the 
UDtem  of  Echini.  Simrolh'  has  shown  that  there  are  good 
TeasoDi  for  regarding  ihe  rotulfe  (together  with  the  radii] 
and  tho  auricles  as  respectively  representing  the  first  and 
second  vertebral  ossicles  of  the  Starfish  arms.  Had  Miiller 
eoDltnaed  to  hold  his  original  viewB,  which  are  now  generally 
■ceepted,as  to  the  homology  of  the  radial  pieces  of  the  oral  ring 
in  tfae  Holothurians  with  the  auricles  of  the  Echini,  and  with 
the  vertebrfe  of  the  Starfish  armSj  he  would,  no  doubt,  have 
also  described  these  last  as  subambulacral.^  The  principal 
component  of  the  Crinoid  skeleton  being  anti-ambulacral 
(or  abactiual)  is,  of  course,  not  to  be  found  in  the  Urchins, 
and  )•  ouIt  impctfeclly  represented  in  the  Starfishes. 

It  is  merely  an  extensive  development  in  a  radial  direction 
ftf  the  primitive  abaciinal  or  apical  system,  situated  at  the 
dotaal  pole  of  the  larva,  which  is  of  extreme  importance  in 
Echinoderm  morphologr,  for,  as  shown  by  Agassiz,*  it  is  the 
foundation  of  the  whole  skeleton,  whether  anli-,  sub-,  or 
■uper-ambulacral.  "  In  fact,  the  external  limestone  plates 
fonniog  the  lest  of  a  Sea-urchin,  the  reticulated  network  of 
the  neiinal  and  abactinal  surface  of  a  Starfish,  together  with 
tba  atnbularral  and  interambulacral  plates  and  the  plates 
(bmitng  the  disc  of  an  Ophiuran,  the  upper,  lower,  and  side 
m-plalps,  a*  well  as  internal  skeleton,  are  all  directly 
feivvd  from  the  simple  system  of  limestone  plates  of  the 
ttinal  surface  of  the  Echinoderm  embryo," 
1  the  Crinoids  the  abactinal  or  antiambulncral  system 
una  most  nearly  in  its  primitive  condition,  extending  but 
r  alightly  towards  the  actinal  side.  But  in  the  oilier 
nnod«TinB  the  radial  plates  of  tbe  abactinal  system, 
■ted  round  tbe  dorsal  pole  of  the  embryo,  gradually 
nil  towards  the  edge  of  and  down  on  to  tbe  actiunl  side,  so 

BJ.  loc.  cit.,  p.  49,  uid  '  Bau  der  EclimoderineD.'  pp.  >?,  SS. 

_    _  ie  nod  3chiw)|tonii!  Aet  OpAiaclit  Fimu,"  San.,  Zweiler  Theil, 

_       r.  for  WiM.  Zool.,'  iiriii,  pp.  SU.  G13. 

*  Sec  Addesdt,  No.  0,  p.  iQi. 

•  '  Moith  American  Stuiiihes,'  pp.  0 1—03. 
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as  to  enclose  the  water-system.  The  Ophiurids  and  Urchins 
remain  permanently  in  this  condition,  but  in  the  Asterids 
the  superambulacral  plating  is  resorbed  along  the  central  line, 
its  edges  sending  out  small  spurs  to  form  the  vertebral  ossi- 
cles or  subambulacral  system,  which  makes  up  the  principal 
element  in  the  Starfish  skeleton.  In  the  Crinoids,  however,  no 
extensive  changes  of  this  kind  take  place,  and  in  this  respect, 
as  well  as  in  the  condition  of  their  actinal  skeleton,  they  are 
in  a  far  more  embryonic  condition  than  are  the  other  Echi- 
noderms,  so  that  we  have  another  strong  piece  of  evidence  in 
favour  of  the  view  that  they  are  phylogenetically  the  oldest 
members  of  the  group. 

It  will  have  been  gathered  from  the  foregoing  pages  that 
the  general  views  which  I  hold  respecting  Echinoderm  mor- 
phology are  essentially  those  of  Johannes  Miiller,  as  modified 
and  extended  by  A.  Agassiz.  Gotte,^  however,  has  recently 
put  forward  some  considerations  which  have  led  him  to 
adopt  precisely  the  opposite  of  Miiller's  views,  namely,  that 
the  apex  of  a  Starfish  represents  the  whole  convex  part  of 
an  Echinid  shell,  instead  of  the  apex  of  the  Urchin  corre- 
sponding to  the  whole  antiambulacral  surface  of  the  Starfish. 
Further,  Gotte  considers  the  arms  of  the  Crinoids  to  be 
homologous  with  the  oral  tentacles  of  the  Holothurians.  A 
view  similar  to  this  was  put  forward  some  time  ago  by 
Wyville  Thomson/  and  also  later  by  Huxley,^  who  seems 
to  have  subsequently  abandoned  it,  as  there  is  no  mention 
of  it  in  his  ^  Anatomy  of  the  Invertebrata.' 

Gotte  regards  the  Echinoderm  skeleton  as^  so  to  speak, 
the  result  of  a  combination  in  varying  degrees  of  two  modes 
of  radiation  which  are  essentially  opposed  to  one  another. 
One  of  these  systems  corresponds  in  position  with  the  water- 
vascular  trunks,  and  is  thus  radial  as  regards  the  general 
symmetry  of  the  Echinoderm  type.  In  the  brachiate  orders 
(Starfishes  and  Crinoids)  it  forms  the  skeleton  of  the  arm 
bases.  The  other  skeletal  system,  as  seen  in  the  Crinoid,  is 
that  of  the  first  formed  part  of  the  calyx,  viz.  the  basis,  on 
the  abactinal  surface  of  the  body,  together  with  the  oral 
system  of  the  actinal  surface.  This  system  alternates  in 
position  with  the  tentacle-bearing  arm  bases,  and  is,  there- 
fore, interradial.  It  is  the  more  prominent  of  the  two  in  the 
young  Comatula,  in  which  the  basals  and  orals  attain  a 
considerable    size    before    the    appearance    of    the    radials. 

^  Loc.  cit.,'  pp.  627—030. 

-  *  Edinburgh  New  Phil.  Journal,'  loc.  cit.,  p.  115. 
^  *' Notes  ou  the  Invertebrata,"  '  I\Icdical  'J'inics  and  Gazette,'  Aug.  14, 
1875,  pp.  173, 171. 
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Ltter  on,  bowerer,  tbey  undergo  a  considerable  regressive 
mrtsmOTphosis,  while  (he  abactinal  skeleton  of  the  arms 
develops  very  rapidly,  as  the  water -vascular  stems  extend 
ontwanis  from  the  disc,  bearing  with  them  the  odd  terminal 
teDtacle.  This  mode  of  growth,  with  some  slight  modiEca- 
lions,  is  common  to  the  Asterids  and  Ophiurids,  the  arms  of 
which,  as  of  ihe  Ctinoids,  may  be  regarded  as  an  extreme 
development  of  the  primary  tentacular  cfeca  borne  upon  the 
wal«r- vascular  ring  of  the  larva,  which  becomes  much  en- 
Urged  and  acquires  a  calcareous  skeleton.  The  water- 
TatciiUr  ring  of  the  Holothurian  embryo  also  bears  five  tenta- 
cular Cfeca,  but  the  water -vascular  trunks  indicating  the 
five  antimera.  are  not  formed  (when  present}  by  these  cseca 
being  carried  outwards  away  from  the  ring,  as  is  the  case  in 
the  Starfishes  ;  for  ihey  appear  separately  as  live  other  diver- 
^^fcnl*  from  the  water-vascular  ring,  alternating  with  the 
^^^btocular  rudiments. 

^^^Eutte  assumes  that  these  caeca  are  of  primary  importance, 
^^B|  occupy  a  similar  position  in  all  Echinoderms.  He  is 
^eSosequcntly  led  lo  regard  the  Starfish  arms,  with  their 
primitive  terminal  tentacles,  as  homologous  with  the 
onnching  tentacles  of  the  Holothurians.  In  the  same  way 
he  compares  the  intertentacniar  antimers  of  the  Holothu- 
rtani  to  the  interradial  antimers  of  the  Crinoids  ;  for  these 
which  contain  the  basal  and  oral  plates,  alternate  with  the 
ten taclr- bearing  arm  rudiments,  that  ultimately  attain  eo 
grrat  b  development  and  obliterate  or  obscure  the  primary 
interradial  skeleton. 

I  regret  that  I  am  unable  to  accept  Gotte'a  views.  He 
briugs  forward  no  argument  in  their  favour,  escept,  of  course, 
one  of  lime,  namely,  that  the  tive  ceeca  which  first  appear 
0*  outfpvwths  of  the  water- vascular  ring,  develop  in  the 
Holothuriatis  into  the  branched  oral  tentacles,  and  in  the 
Surfislies  into  the  large  terminal  tentacles  at  the  ends  of 
the  arms.  Further,  if  Gotte's  views  are  correct,  the  con- 
,  fusions  which  naturally  follow  from  them  are  completely  at 
Dce  with  many  facts  of  Echinoderm  morphology.  He 
rd«  the  condition  of  the  Echini  as  essentially  similar  to 
f  the  Ilolothurians,  though  the  ambutacral  areas  are 
impletely  bcimologous  in  the  two  groups,  owing  to  the 
ce  of  inlcrambulacra  in  the  Urchins,  and  to  slight 
rencotin  the  mode  of  ori^^in  of  the  water-vascular  trunks. 
B  Urchins  the  "  utsprtinglichen  Tentakelanlagen  werden 
in  Arroe  fortgeseizt,  deren  Entwiekelung  eine  bcson- 
t  aborali!  Sirabbiliederung  untcrdriickto  und  die  dainit 
'0  onle  Oliederung  zur  ausMchliesslich  herrschen- 
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den  machtc  ;  indcm  also  Fortsetzungen  tier  ersteii  Tentakel- 
gefiisse  in  den  aboralen  Korpertheil  hineinwnchscn,  bczeich- 
uen  die  von  ihnen  ijcbildctctt  Ambulncrtilfi'lder  nirbt  die 
einzigen  Strnhlsogmente,  sondern  wechsHn  regclmitioig  mit 
den  Interambulacralftldern  ab,  welche  semsserinassen  cin 
StrahlBystem  fiir  sicb  bilden,  da  auch  inre  erBten  Skelet- 
anla^en  gleichzeilig  mit  den  ambulncralen  nber  unnbhtingig 
von  aeneelbeii  tiiid  nicht  puarig  gcrade  so  wie  die  rattiarun 
Ritckenpltttten  der  Seestenie  entstelion." 

I  must  confess  tbat  I  eaniiot  agrei!  with  these  conclusions 
of  Giitle'a.  On  his  own  showing,  the  water-vasculsr  itent 
in  the  embryo  Urchin  do  not  alternate  whh  the  ptiman 
tentacular  ctcca  as  in  the  tloloihurians,  and  yet  the  anti> 
mcra  they  indicate  nre  supposed  by  liim  to  be  homologotu 
in  the  two  cases.  If  the  relative  positions  of  the  primary 
tentacular  cnjca  and  of  the  water-vaacular  stems  are  nior- 
phologicalty  as  important  as  Gotle  supposes,  surely  he  is 
somewhat  inconsistent  in  completely  disregarding  them,  as 
in  the  case  just  quoted.  Krohii'  states  that  the  fire 
primary  tentacles  of  the  ^oung  Urchin  disappear,  inatesd 
of  persisting  and  branching  as  in  the  Holoiburians;  hot 
according  to  Agassiz'  and  Lov^n'  the  mode  of  growth  of  the 
new  tentacles  is  the  same  as  in  the  Starfishes.  They  tan 
formed  iu  successive  pairs  at  the  bases  of  the  lirge 
primary  tentacles,  which  are  thus  carried  away  from  the 
water  vascular  ring  as  the  test  enlarges  and  the  radial  stems 
elongate.  Agassiz*  states  nositivoly  that  ibe^  pierce  the 
ocular  pliites,  but  Perrier'  altogelbcr  denies  this.  Whether 
they  (ire  present  in  the  ndult  or  not,  the  fact  that  they  ter- 
minate the  growing  water-vascular  trunks,  as  in  the  Star* 
fishes,  is  a  sutHcient  argument  against  Gotte's  views,  which 
are  based  upon  the  hypothesis  that  the  arms  of  the  Startishes 
are  not  homologous  with  the  ambulacrol  areas  of  the  Urchins 
and  Holothurians,  but  with  ihc  buccal  lentnclesof  the  latter. 
Upon  this  hypothi'sis  the  nuihulacra  of  the  Urchins  i 
supposed  to  be  developed  altogether  from  the  right  nntin 
like  the  a|)ex  of  the  Startishes  and  the  basis  of  thi?  i'rinfN 
Quite  therefore  regards  the  aboral  portions  of  the  8t> 
body  ns  equivalent,  not  merely  to  the  apex,  but  to  toe  rtht 
convex  portion  of  the  Kchiuid  shell,  thu  ventral  side  of  «" 

>  MullGr'i  -ArchlT.'  ISbl,  p.  351. 
'  'Rsvision,'  \i.  795. 

•  •  Loc.  cil^  p.  88, 

•  •BffvisioB.'ii.  68a. 

•  "RBdierobes  lur  I'Apiiuvil  Cireulsltiin  iltaOaniiu," 
Zookigis  EipJrimDntale  tt  G^ajralr,'  vol.  tv,  p.  DiS. 


iKIt  APICAL  STSTEUS  or  THE  ECHINODERMS 


201 

lents  the  perislomial  area  of  the  Starfish  i  while  the  anus 
B  latter  are  structures  peculiar  to  it,  and  therefore  not 
amble  to  bdt  parts  of  an  Urchin.  This  is  of  course  a 
lete  reversal  of  Miiller's  idea  that  the  apex  of  the 
j)S  represents  the  whole  antiambulacral  dorsum  of  the 
tab.  So  far  as  the  actual  origin  of  the  ambulacral 
jidUes  is  concerned,  there  is  some  ground  for  this  hypothesis 
of  Gfitle's ;  for  Agassiz  has  shown  that  the  external  limestone 
pbites  forming  the  test  of  a  Sea-urchin  are  all  directly 
derived  from  the  simple  system  of  limestone  plates  on  the 
•baciJDal  surface  of  the  embryo.  But  be  has  also  shown 
that  the  reticulated  network  of  the  actinal  and  abactinal 
ntfrnce  of  a  Starfish,  together  with  the  ambnlacrat  and  inter- 
unbulacral  plates,  have  the  same  origin,  which  tells  strongly 
a^nn  the  truth  of  Giitte's  hypothesis. 

Other  considerations  too,  demonstrate  the  general  correct- 

Bns  of  Miiller's  views.     The  corona  of  the  Urchins  is  the 

reralt  of  an  extreme  vertical  elongation  of  that  portion  of 

tli«  equatorial  zone  of  the  larva  that  lies  between  the  peris- 

iMDe  and  the  radials  (=oculars] ,  which  last  remain  in  close 

anUcI  nilh  the  bas&ls  (  =  genital3).     It  may,  therefore,  be 

leniied  extra-radial.     In  the  Crinoids  the  radials  also  remain 

ia  clove  proximity  to  the  basals,  as  in  the  Urchins,  but  the 

fqaalorial  zone  is  very  much  extended  horizontally.     It  ie 

tupported  by  a  dorsal  skeleton,  which  is  built  up  gradually 

■|HMi  the  radial  circlet,  and  is  also  therefore  extra-radial,  or 

^^iUtT,mpra-radial.  In  the  Starfiehes,on  the  other  hand,  there 

^^^b  iumiUr  lateral  extension  of '  the  equatorial  zone  which 

^^Hhw   the  ventral    surface    of   the    arms,  but  their  dorsal 

^^MKe    is  altogether  unrepresented  in  the  other    Echino- 

tomt,  aod  may  be  called  intra-radial.     For  it  is  the  result 

of  a  separation  of  the   radials  from  the  rest  of  the  calyx 

bj  a  coutant  formation  of  new  spines  at  the  base  of  each 

TVf,  SO  that  instead  of  their  resting  directly  on  the  basala 

(here  U  a  long   interval  between  the  two  rings  of  plates. 

The  donal  surface  of  a  Starfish  is  therefore  strictly  compara- 

^^|e  to  the  apex  of  an  Urchin  or  the  calyx  of  a  Crinoid  (as 

^^^Ma  the  first  radials),  as  was  supposed  by  Miiller.     But  be- 

^^^^^  the  arms  of  a  Starfish  or  Crinoid  and  the  ambulacra 

^^^no  Urchin,  there  is   only  a  general  homology,  not  one 

^ifteth  can  he  followed  in  much  detail.' 

The  views  advanced  above  may  perhaps  be  better  under- 
stood by  the  help  of  the  accompanying  simple  diagrams.     If 
the  basal,  radial,  tiud  oral  circlets  of  the  young  Crinoid  be 
*  Oooiian  Aauaii,  '  {Uriaion,'  pp.  76S— 7S0.  uid  'North  American 
BWUin,'  n,*1.  ail. 
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represented  by  the  letters  B^  "R,  and  O  respectively,  their 
relative  positions  just  after  the  appearance  of  the  radials  are 
represented  in  fig.  15.  The  line  separating  RR  and  O  in- 
dicates the  position  of  the  above-mentioned  equatorial  zone 
separating  the  oral  system  developed  around  the  left  perito- 
neal sac>  from  the  calyx  which  is  formed  around  that  of  the 


.JSjf- 


Fig.  XY.-— Diagram  showing  the  relative  positions  of  the  basals,  orals, 
and  radials,  in  an  early  stage  of  the  development  of  a  Crinoid.  B. 
Basal.  0.  Oral.  B.  Radial.  Eq,  Line  indicating  the  position 
of  the  equatorial  zone  which  separates  the  oral  and  apical  systems. 

right  side  (compare  figs,  i,  viii^  ix  in  Part  I).    Fig.  xvi  shows 
the  mode  in  which  the  supra-radial  antiambulacral  skeleton 
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Fig.  XVI.— Diagram  Bhowing  the  relations  of  the  apical  and  oral  systems 
in  an  adult  Crinoid.  BCR.  as  in  Fig.  XV.  R^H^.  Second 
and  third  radials. 

of  the  arms  of  a  Crinoid  is  formed  in  support  of  a  lateral  ex- 
tension of  tlip  equatorial  zone.     In  the  t)rchins  and  Holo- 


FiG.  XVII.— Diagram  showinp:  the  relative  positions  of  the  basals,  orals, 
and  radials  in  Leskia  mirabilis.        Lettering  as  in  Fig.  XV. 

thurians,  however,  the  extension  of  the  equatorial  zone  is  in 
a  vertical  direction  (fig.  xvii),  and  in  the  former  it  becomes 
covered  by  a  superarabulacral  platings  which  extends  over  on 
to  it  from  the  abac  tin  al  side. 
In  the  Starfishes  (fig.  xviii)  the  radials  are  carried  out  from 
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llie  nljrx  by  the  constant  formation  of  new  epines  at  the 
base  of  each  ray,  which  are  supported  by  a  long  narrow 
limestone  plate,  extemUng  distinctly  from  the  basal  plate 
a]ino«t  to  the  terminal  radial.  This  plate,  according  to 
Agasiiz,  is  also  derived  from  the  primitive  abactinal  system, 
as  art!  the  supvrambulacral  plate  on  the  actioal  surface  tvitb 
the  subainbulacral  spurs  formed  from  its  edges.  It  is  com- 
parable to  the  antiambulacral  arm  skeleton  of  a  Crinoid, 
except  that  it  is  intra-  instead  of  extra-radial.     The  siiper- 


Yta.  XVIIL — ShotrinK  boir  tlie  radiali  s  of  the  jouiig  Stsriisli  arc  curried 
Kwtj  tnm  tbe  buals  (=  gcnitaU)  b,  nnd  form  the  ooular  pUtes  nt  the 
ta«b  of  Ibe  onos. 

ambalacnl  plate  is  absorbed  in  the  Asterids,  but  persists  in 
tbe  OphinridB  as  the  ventral  plating  of  the  arm.  The 
plating  of  the  grooves  on  the  ventral  surface  of  the  Criooids, 
tJtbougb  occupying  a  superambulacral  position,  does  not 
•rem  to  have  the  tame  origin  as  the  corresponding  plating 
in  the  Starfishes.  The  precise  hnmulugies  of  the  ambniacral 
IfToovM  of  the  Crinoids  in  the  other  Echinoderms  have  yet 
to  be  worked  out,  but  I  am  incUned  to  think  that  GreeS^s 
>iiBge*tiona '  are  right  in  their  general  principle.  Agassix's 
dt^erTaticos  support  them  as  far  as  the  Urchins  and  Star- 
fishes an)  concerned,  while  those  of  Gotlo,  on  the  other  hand, 
dtnMHutTatc  that  the  ambulacral  grooves  of  the  Crinoids  are 
ft  pnipberal  extension  of  the  tentacular  vestibule  of  the 
lim,  the  floor  of  which  forms  the  perialomial  area  whence 
the  poore-trunks  radiate.  This  vestibule  {fig.  xiii,  Ip)  is 
Inind  from  the  left  or  oral  division  of  the  enterooxl,  so 
Ikai  (he  ambulacral  epithelium  (tig.  xiii,  ae)  covering  its 
loorand  the  so-cniled  "ambulacral  nerve"  beneath  it  must 
W  hypoblastic  in  their  origin.  Further,  in  many  Adinome- 
k«  locH  atructure»  arc  altogether  absent  from  several  of 
"^t  posterior  arms,  ai  if  the  growing  vestibule  had  been  un- 
k  to  extend  itnelf  so  far  from  the  oral  ring,  which  in  this 

I*  u  exeenlric  or  even  marginal. 

Ifebare  yet  tulcnrn  that  the  ambulacral  or  nerve-epithe- 

'  ■  B  other  lichinoderms  is  a  bypobl/istic  organ,  and 

e  grooves  of  (bv  lijtarfish  arms  are  deiivatives  of  tbe 

"  B  B«Qder  loliijioiicrmcii,"  ■  Dritto  UittUeilucg.  ilirburg 

,'Ko.ll,  1S7S,  pp.  165— 169. 
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cannot  but  result  in  a  dire  confusion  of  terms.  Thus^  the 
subambulacral  plates  of  the  Ophiurids  would  represent  the 
superambulacral  ones  of  the  Crinoids  and  Urchins^  and  vice 
versd!  On  page  267  Ludwig  takes  Simroth  to  task  in  the 
following  words  for  doing  very  much  the  same  that  he  has 
done  himself — "  Verwirrung  aber  wird  durch  Simroth 
dadurch  angerichtet^  dass  er  die  fiir  diese  Skeletstiicke  von 
Joh.  Miiller  eingefiihrte  Bezeichnung  auf  andere  Stiicke 
iibertragt."  Substitute  my  friend  Ludwig's  name  for 
Simroth's  in  the  above  sentence,  and  his  own  words  become 
applicable  to  himself ! 


The  Development  of  the  Earth-worm,  Lt^mbricus  trape- 
zoiDES,  Duces.  By  Nikolas  Kleinenber^.  (With  Plates 
IX,  X,  XI.) 

In  Ischia,  as  in  the  neighbourhood  of  Naples,  the  most 
common  of  the  Lumbricidse  isLumbrtcus  trapezoides  (Dug^); 
it  is  abundant  in  gardens  and  in  the  muck-heaps  of  farms. 
Associated  with  this,  but  rarer,  and  prefering  sandy  soil  and 
the  neighbourhood  of  water,  is  another  species,  probably 
Lumbricus  teres  (Duges). 

The  reproduction  of  Ltimhricus  trapezoides,  like  that  of 
L,  tereSy  is  most  active  during  the  whole  of  the  cold  and 
temperate  season,  that  is  to  say,  from  October  to  June,  when 
the  hot  and  dry  weather  begins,  but  never  ceases  altogether, 
since  even  in  July  and  August  capsules  containing  fecun- 
dated eggs  are  found  in  shady  and  damp  places,  and  at  a 
considerable  depth ;  many  of  these,  however,  perish. 

The  capsules  vary  greatly  in  size ;  the  smallest  are  hardly 
one  millimetre,  whilst  the  largest  reach  eight  millimetres 
in  length.  This  diflference  is  easily  explained  by  the  mode 
of  formation  of  the  capsules,  since  necessarily  their  dimen- 
sions must  correspond  to  the  size  of  the  animal  producing 
them.  The  shape  of  the  capsules  of  i.  trapezoides  is  oval, 
with  the  ends  pointed,  or  sometimes,  on  the  contrary,  slightly 
depressed;  such  depressions  correspond  to  the  primitive  open- 
ing of  the  chitinous  ring  formed  by  the  clitellus,  which  does 
not  close  till  after  deposition. 

Their  colour  resembles  that  of  corn.  The  capsules  of 
L,  teres  are  in  general  smaller,  more  resembling  a  lemon  in 
shape,  often  with  the  ends  greatlv  elongated  to  form  two  fine 
processes.    These  capsules  are  olive-coloured. 
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The  coQtenta  of  the  capsules  of  L.  trapezoides  consist  of 
m  ilbuininDus  mmss,  in  which,  as  Rathke  has  demonstrated 
W^ephdis  tulgarin,^  two  coastitueiits  are  diatinguishable, 
^ely,  ft  deose,  transparent,  strongly  refracting  substance, 
kttig  a  kind  of  sponge,  with  very  fine  interstice?,  and  a 
jfsid  which  fills  these  interstices.  The  albumen,  under  the 
wtion  of  water,  of  «cids,  or  of  alcuhol,  assumes  the  appear- 
ance of  an  cmulsioD,  in  consequence  of  the  precipitation  of 
Toy  fine  grKQules,  a  decomposition  which  occurs  during  the 
ptogma  of  development  in  capsules  which  have  been  left 
lauct. 

The  albumen  of  the  capsules  of  L.  teres  is  colourless  or 
fuDtly  tinged  with  greenish,  is  much  more  dense,  and  of  a 
nearlv  uitiform  aspect ;  it  does  not  tlissolve,  except  very 
aligbtly,  in  water  or  in  dilute  acids. 

In  this  jelly  the  eggs  are  scattered,  and  between  them 

bandies  of  spermatozoa.     The   number  of   the  eggs  in  the 

capaules  of  L.  trupezoidei  is  from  three  to  eight,  in  those  of 

jv^  ltrt$,  it  is  from  four  to  twenty,  all  of   whicb  become 

'*      itlaletl  and  develop ;  on  the  other  hand,  in  the  capsules 

k  Irapesoidea  one  egg  only,  or  rarely,  two  or  three,  pro- 

I  embryos.     Tlie  other  eggs  not  undergoing  the  exciting 

mce  of  the  male  element,  lose  their  spherical  form  and 

Be  Innsformed  into  Hat  plates,  with  more  or  less  irregu- 

utlines ;    the   protoplasm,   by   a   kind   of  coagulation, 

tes  into  a  dark  substance,  containing  large  granules, 

the  eggs  gradually  dissolve  and  vanish  without  leaving 

K  trace. 

I  Methodt  of  Investigation. 

Bkould  have  undertaken  the  study  of  the  development  of 
•e$  more  willingly  than  that  of  L.  trapezoides,  since  in 
irmci  the  tir!<t  stages  are  more  simple  and  typical,  and 
ih«  later  stages  clearer  and  more  distinct.  Accidental 
eoDctitions,  however,  render  the  preparationextremelydifScult. 
Xbe  density  and  viscosity  of  the  albumen,  together  with  the 
binHfiTe  delicacy  and  fragility  of  the  embryos,  make  it  very 
^^^nlt  to  obtain  any  of  them  uninjured.  Further,  as  they 
^^Bly  devour  the  whole  of  the  albumen  and  store  it  up 
^^|w!  digeHtivc  cavity,  their  body-walls  becomes  so  tense 
rSiu  the  slightest  pressure  is  enough  to  bust  them.  For 
tbew  riiaeona  my  knowledge  of  the  development  of  this 
ipeciei  remains  incomplete,  and  I  shall  limit  myself  at 
present  to  tha  dutcriplion  of  the  development  of   L.  tra- 

Bathke.  Beitiigc  tar  £nt«icklai]etBuebiclit«  det  fiiiudinsea.  Senus- 
ibsot  TOn  B.  Lenckut.    Ltij'cig,  1866,  p.  3. 
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pezoides,  whose  embryos  may  be  readily  extracted  from  the 
albumen  without  injury. 

A  great  part  of  the  earliest  formations  of  the  egg  can  be 
made  out  in  the  living  state^  the  protoplasm  being  sufficiently 
transparent  to  allow  the  internal  parts  to  be  seen ;  but  after- 
wards the  precise  outlines  of  the  cells  disappear,  and  nothing 
can  be  seen  but  the  grosser  structure.  To  make  out  the  more 
delicate  structure  it  is  necessary  to  employ  reagents. 

Of  these  I  have  employed  several :  osmic  acid  applied  in 
the  state  of  vapour  gives  good  results ;  but  the  preparations 
obtained  by  the  use  of  a  mixture  of  picric  with  sulphuric 
acid  were  more  satisfactory.  This  reagent,  however,  has  the 
same  drawback  as  osmic  acid,  namely,  that  of  occasionally 
producing  swellings  in  the  primitive  blastomeres,  a  circum- 
stance which,  if  it  only  slightly  alters  the  normal  conditions, 
renders  the  preparations  less  sightly.  This  difficulty  is  over- 
come by  the  addition  of  a  little  kreosote. 

As  I  am  now  able,  after  many  experiments,  to  recommend 
strongly  the  method  of  preservation  which  I  have  here  used, 
and  for  the  majority  of  other  animal  tissues,  especially  for 
the  more  delicate  and  perishable,  I  think  it  may  be  useful  to 
give  the  exact  receipt. 

Prepare  a  saturated  solution  of  picric  acid  in  distilled 
water,  and  to  a  hundred  volumes  of  this  add  two  volumes  of 
concentrated  sulphuric  acid ;  all  the  picric  acid  which  is 
precipitated  must  be  removed  by  filtration.  One  volume  of 
the  liquid  obtained  in  this  manner  is  to  be  diluted  with  three 
volumes  of  water,  and,  finally,  as  much  pure  kreosote  must 
be  added  as  will  mix. 

The  object  to  be  preserved  should  remain  in  this  liquid 
for  three,  four,  or  more  hours ;  then  it  should  be  transferred, 
in  order  to  harden  it  and  remove  the  acid,  into  70  per  cent, 
alcohol,  where  it  is  to  remain  five  or  six  hours.  From  this 
it  is  to  be  removed  into  90  per  cent,  alcohol,  which  is  to  be 
changed  until  the  yellow  tint  has  either  disappeared  or 
greatly  diminished.  Alcohol  of  90  per  cent,  is  better  than 
absolute  for  preserving  the  more  delicate  structures  for  a 
long  time  uninjured,  and  for  keeping  the  preparation  at  the 
proper  degree  of  hardness. 

For  colouring  I  use  crystallised  hsematoxylin  dissolved  in 
the  following  mixture : — Prepare  a  saturated  solution  of 
calcium  chloride  in  70  per  cent,  alcohol,  with  the  addition 
of  a  little  alum  ;  after  having  filtered,  mix  a  volume  of  this 
with  from  six  to  eight  volumes  of  70  per  cent,  alcohol.  At 
the  time  of  using  the  liquid  pour  into  it  as  many  drops  of  a 
concentrated  solution  of  hsematoxylin  in  absolute  alcohol  as 
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^^vmfficieDt  to  give  tlie  required  colour  to  the  preparation 
ofltreater  or  less  intensity,  according  to  desire. 

This  mixture,  notwithstanding  its  chemical  irrnlionality, 
gives  good  results.  Aqueous  solutions,  especially  when  they 
contain  traces  of  amnionia,  are  to  be  avoided,  since  they  are 
very  hurtful  to  many  delicate  tissues.  The  object  must 
remain  in  the  dye  for  a  period  varying  from  a  few  minutea 
to  fix  hours,  according  to  its  size  and  to  the  nature  of  the 
titfues  composing  it.  It  is  a  good  rule,  when  intending  to 
nuke  sections,  to  stain  deeply  and  to  cut  them  very  Ihin. 

Wfavn  removed  from  the  dye  the  prcpaiatioii  is  to  he 
wuhrd  ill  90  per  cent,  alcohol,  in  which  it  may  remain  from 
six  to  twelve  hours.  Finally,  to  remove  every  trace  of  water, 
it  should  remain  for  half  or  a  whole  day  in  absolute  alcohol. 

If  the  preparation  is  to  be  cut  it  must  be  removed  from 
absolute  alconol  to  essential  oil  of  bergatnot,  in  which  it 
thoald  remain  for  some  hours,  in  order  to  fit  it  for  being 
embedded  in  parafliii,  which  is  removed  from  the  sections 
when  cut  by  means  of  a  mixture  of  four  parts  of  essence  of 
tnrpenline  with  one  part  of  kreosote.  Finally,  the  sections 
aie  mounted  in  r^sin  dissolved  in  essence  of  turpentine.' 

I  h»rr  made  sections  from  the  beginning  of  segmentaEioa, 
but  in  the  earliest  stages  these  have  not  been  of  very  much 
DM,  nnee  it  is  impossible  to  place  such  small  globular  bodies 
in  ■  determined  position ;  the  direction  of  the  sections  is 
titlteT  oot  that  required  or  is  altogether  uncertain.  In  conse- 
qocDce  I  preferred  studying  the  beginning  of  the  development 
bj  Beuis  of  optical  sections  of  the  entire  object,  always,  how- 
ever,  annii  real  sections  to  control  the  results. 

8ifmt»Mion  of  the  Egg  and  Jirtt  appearance  of  the 
Embryos. 

1  have  failed  to  observe  the  phenomena  in  the  fecundated 
ffg  immediately  following  the  fusion  of  the  sexual  elements, 
T^  euliesi  eggs  which  I  have  observed  were  alreaily  divided 
far  an  Kquaional  furrow  into  two  embryoplsstic  segments  or 
UMtemeref.  In  ibis  stage  the  e({g  ts  still  contained  iu  the 
dliac  membrane,  which  is  an  oval  capsule  of  about  0^4 
tin  length,  whi>te  very  thin  walls  are  without  aay  trace  of 
Jta  contenta  consist  of  a  limpid,  colourless  fluid, 

lot   to   D»p  a  solution   of  rc^in  in   iltwiiol. 

Lliii  Mc  «t  firit  bcBUtitul  but  soon  bccomt 

ot  Uie  (>rcci[iiUilioa  of  crjalsls  or  of  sd  *mor|ilj(jus 

t  in  this  miuuieT  inBu*  Luadreds  of  preranitioiu, 

renlU  fca?e  occurred  ia  the  Zwloglul  SUUoD  si  itapln. 
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slightly  refractive^  and  holding  in  suspension  the  egg,  and 
near  it  two  or  three  polar  globules — protoplasmic  corpuscles 
containing  one  or  more  large  vacuoles.  The  egff  itself  is 
an  ellipsoidal  bodyi  'whose  normal  axes  measure  about  0*14 
and  0*10  mm.  Its  protoplasm  is  without  vitelline  corpusclesj 
and  is  therefore  pale  and  transparent ;  it  is  divided,  as  in  so 
many  other  eggs,  into  two  substances :  one,  more  compact  and 
with  fine  granules,  is  disposed  in  a  network,  or  rather  in  the 
form  of  a  sponge,  with  relatively  large  spaces ;  the  other  is  a 
clear,  uniform,  albuminous  liquid,  which  fills  the  spaces.  On 
the  surface  the  protoplasm  is  somewhat  condensed,  so  as  to 
form  a  very  thin  cortical  stratum. 

The  two  hemispherical  blastomeres  sometimes  fit  them- 
selves with  their  plane  surfaces  so  perfectly  in  contact  that 
it  is  impossible  to  separate  them.  Sometimes  the  centres  of  the 
planes  of  contact  become  slightly  excavated,' and  so  separate, 
leaving  between  them  a  central  lentiform  space,  while  the 
margins  still  remain  firmly  adherent.  This  space  might  be 
called^the  beginning  of  the  segmentation  cavity,  if  the  changes 
in  form  of  the  blastomeres  did  not  soon  make  it  disappear. 
In  fact,  after  a  short  period  of  rest,  a  tendency  arises  in  each 
blastomere  to  assume  the  spherical  form,  by  which  the  peri- 
pheres  of  their  respective  bases  are  drawn  towards  the 
corresponding  centres,  and  becoming  curved  separate  from 
one  another,  so  that  finally  they  touch  only  at  a  single  point, 
in  the  place  where  the  lentiform  cavity  formerly  existed. 

The  first  two  blastomeres  at  one  time  show  distinct  nuclei ; 
at  another  are  deprived  of  them ;  at  another  show  with  great 
clearness  those  stellate  or  radiating  or  fusiform  groups  of 
fine  granules,  which  the  beautiful  researches  of  the  last  few 
years  have  shown  to  be  phenomena  constantly  accompanying 
the  formation  of  new  cells. 

The  process  of  segmentation  of  the  eggs  of  L.  trapezoides 
does  not  proceed  in  so  simple  and  orderly  a  way  as  in  many 
other  animals,  and  in  not  a  few  of  the  Annelids ;  soon 
begins  a  series  of  alterations  in  shape  and  position,  of  divi- 
sions and  buddings,  of  increasings  and  diminishings  of 
volume  of  the  single  cells,  which  altogether  make  it  very 
difficult  to  trace  the  type  of  this  most  important  process, 
which,  as  the  first  manifestation  of  the  formative  forces 
hidden  under  the  apparent  sameness  of  the  protoplasm, 
serves  as  a  beginning  for  the  building  up  of  the  complicated 
and  definitely  disposed  structure  of  the  body. 

After  the  division  into  two  hemispheres  a  stage  is  often 
observed  in  which  the  egg  is  composed  of  three  blastomeres, 
arranged  in  the  form  of  a  triangle,  already  described  by 
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KowBlevakf,*  by  Batzel  and  Warscliawski^  in  Lumbricus 
offricota,  by  Buthke'  and  Robin  in  Nephelis  rtdgaria  (in  which 
I  hiTV  also  obserred  it),  and  by  ClaparMc  and  Metschnikow^ 
in  Sfpio  Ji$Iiginasu» ;  this  last  observHtion  I  am  also  able  to 
eoofinn  froin  my  own  investigations.  Such  a  stage  of  seg- 
netitation,  though  different  enough  from  what  is  usually 
found  in  other  animals,  certainly  cannot  be  considered  ab- 
normal u  in  ao  many  other  cases,  in  which  irregulnrities 
of  aegnienlfttion  are  the  first  and  certain  sign  that  the  egg 
U  under  unfavorable  conditions  and  is  about  to  break  up 
belbra  having  attained  any  considerable  development;  it 
am*tn,  on  toe  contrary,  certain  that  in  these  worms  this 
paaw,  though  departing  from  the  general  rule,  leads  on  to  a 
healthy  derelopment.  But  the  di^nsion  into  three  blasto- 
nwR*  does  not  occur  in  all  the  eggs  of  L.  trapezoides,  and  is 
OOt  indispensable  to  the  regular  progress  of  development. 
Sometimpi  it  happens  that  the  frrst  two  hlastomeres  each 
pTOdticefl  at  Ihe  same  time  a  new  cell,  so  that  four  imme- 
(fiately  iucceed  two.  The  process  of  segmentation  then 
ptocwda  in  the  following  peculiar  manner: — In  the  midst 
of  tb«  protoptatm  an  accumulation  of  fine  granule*  appears, 
which  la  easily  distinguished  as  a  dark  spot ;  this  aggrega* 
liea  of  the  more  solid  parts  of  the  protoplasm,  which,  how- 
mt.  haa  not  distinct  limits,  increases  gradually  in  size  and 
•I  th«  Mme  time  approaches  the  surface  of  the  segment.  It 
is  uiviuble  to  slate  that  this  concentration  is  not  to  be  con- 
fouatled  with  ihi-  phenomena  which  prepare  and  accompany 
the  first  formation  of  nuclei ;  the  nucleus  appears  later  in 
the  eentre  of  the  mai^s  described  above.  The  mass,  as  soon 
as  it  haa  arrived  at  the  surface,  raises  itself  above  the  level 
of  the  surrounding  protoplasm  in  the  form  of  a  slightly 
injeeting  con«  ;  then,  by  a  narrowing  of  its  base,  it  sepa- 
rate* from  the  mother-cell  and  a  new  blastomere  is  formed. 

Thia  Dboprration  agrees  in  nearly  all  particulars  with  that 
of  Kowslewaky  on  the  formation  of  the  small  segments  in 
the  egg  ti(  Euaxtt.^ 

The  two  blastomerea  of  the  second  generation  remain  very 
much  nnaller  than  ihelfirst;  at  first  situated  symmetrically 
with  regard  to  the  long  axis  of  the  egg,  they  then  approach  one 
■•other,  wlTancisg  towards  the  median  line,  and  at  the  same 

■  **  KirtmlHtitdie  Studim  nn  WuTmem  tind  Arthropoden,"  'M^m. 
jted,  SL  iWnboanr.'  1871.    Tib.  vi,  tig.  3. 

"  -  fast  fiir  WiH.  /«J..'  T.  IS,  1S08. 
T»b.  i.  fi([.  6. 

_,_  wr  K«nlni»dor  EntwicklunMwscliiclite  dcrChwtopoiien," 

fir  l?l»s.  Zoo).;  18M,  T.  19,  Tsb.  lii.  ?jg,  1,  d. 
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time  two  other  small  cells  separate  themselves  from  the  first 
blastomeres  ;  the  egg  consists  of  six  segments,  two  large  and 
four  small.  A  short  time  later  two  more  cells  are  added  to 
the  last,  and  in  this  manner  a  little  plate  of  smaMJlatiened 
cells  is  formed,  which,  resting  upon  the  top  of  the  two  large 
blastomeres,  covers  like  a  roof  the  gradually  widening  furrow 
which  separates  them  (PI.  IX,  fig.  1.) 

Such  a  stage  of  segmentation  is  much  like  one 
already  described  in  the  development  of  Nephelis,  with  the 
difference,  however,  that  this,  .instead  of  two,  possesses 
three  large  cells,  covered  in  part  by  a  layer  of  smaller  cells. 
But  there  is  a  still  more  important  difference :  while  in 
Nephelis  the  large  blastomeres  remain  for  a  long  time  un- 
altered, those  of  Lumbricus  soon  divide  repeatedly,  and 
become  blended  with  the  general  embryonic  mass.  At  first 
they  separate  from  one  another,  leaving  in  the  middle  a  wide 
and  deep  space,  one  side  of  which  is  closed  by  the  curved 
plate  of  small  cells,  whilst  the  other  presents  a  somewhat 
restricted  aperture  opening  into  the  cavity  of  the  capsule. 
Now  the  two  large  blastomeres  each  divide  contempora- 
neously into  two,  and  at  the  same  time  some  of  the  small 
blastomeres  tend  towards  the  centre,  interposing  themselves 
between  the  four  large  ones.  After  repeated  divisions,  which 
influence  the  large  as  well  as  the  small  blastomeres,  the  egg 
assumes  a  very  characteristic  appearance ;  there  are  in  all 
sixteen  blastomeres,  and  if  sometimes  there  is  one  more  or 
less  it  is  always  one  of  the  small  ones. 

Of  the  six  large  blastomeres  three  are  grouped  round  the 
aperture  of  the  segmentation  cavity,  which  they  have  closed 
or  reduced  to  a  narrow  slit ;  above  and  alternating  with 
these  are  the  three  others,  but  these  do  not  touch  each  other, 
being  separated  by  means  of  three  small  blastomeres,  w^hicli 
are  placed  like  wedges  between  them.  The  ring  thus  formed 
of  three  large  and  three  small  blastomeres  embraces  the  seg- 
mentation cavity,  and  is  covered  above  by  a  tliin  roof  com- 
posed of  five  or  six  small  blastomeres.  Unfortunately  such 
clear  arrangements  are  of  too  short  duration  in  the  first  days 
of  development  of  the  animal  under  consideration.  Very 
soon  it  comes  to  pass  that  by  the  multiplication,  as  well  of 
the  large  as  of  the  small  blastomeres,  the  differences  in  size 
between  them  presently  disappear,  and,  further,  the  intro- 
duction of  the  small  blastomeres  between  the  ofi*spring  of  the 
large  ones,  contributes  to  the  destruction  of  the  above-men- 
tioned order. 

For  a  time  some  of  the  first  blastomeres  remain  upon  the 
surface  external  to  the  others,  but  when  these  also  are  dis- 
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pUeed  towards  the  centre  we  have  a  new  form  of  the  egg, 
which  no  longer  shows  any  trace  of  the  arrangement  which 
preceded  it.  It  is  now  a  little  spherical  bladder,  sometimes, 
u  far  an  can  he  seen,  perfectly  closed  ;  sometimes  furnished 
with  a  small  o]iening,  whose  walls  consist  of  a  single  layer 
of  cells,  which  vary  considt-rably  in  length.  About  one  pole 
ibe  cells  are  longer  than  they  are  broad,  while  at  the  oppo- 
■ite  pole  the  wall  of  the  segmentation  cavity  is  composed  of 
a  aeriea  of  celU,  whose  length  is  half  that  of  the  others  or 
lees.  There  is  not,  however,  a  distinct  boundary  between 
thece  two  kinds  of  cells ;  they  rather  pass  the  one  into  the 
other  by  numerous  gradations.  There  is  not  even  a  differ- 
ence in  the  protoplasm ;  in  all  It  is  uniform  and  finely 
grantilar,  since  the  reticular  arrangement  of  the  protoplasm 
of  the  egg  and  primary  blaslomeres  has  already  disajipeared 
•oaw  time;  each  cell  now  nearly  always  contains  a  very  dis- 
ttDCt  nacleuE,  whose  volume  varies  with  that  of  the  cell. 
The  egg  in  this  manner  is  transformed  into  a  germinal 
bhtddrr,  consisting  of  a  single  layer  of  cells  of  different 
len^h,  surrounding  a  somewhat  large  eccentric  cavity,  which 
Opeoe — if  not  always,  certainly  in  some  cases — by  a  narrow 
opening  (PL  IX,  fig.  2). 

After  this  tho  reproductive  activity  is  most  marked  in  the 
flat  cells  at  one  pole  of  the  egg  ;  they  increase  in  number, 
become  longer  and  push  into  the  segmentation  cavity,  pushing 
ifatDogb  its  aperture  or  making  their  way  between 
the  neighbouring  loosely  connected  cells.  But  at  the  other 
pole  tmall  cells  detach  themselves  from  the  central  extremi- 
tiea  of  the  long  blnstomeres ;  in  this  manner  the  segmentation 
cavity,  retiricied  on  all  sides,  disappears,  and  the  egg  becomes 
a  solid  and  compact  multicellular  sphere. 

I  shall,  perhaps,  have  wearied  the  reader  with  the  minute 
deKtiption  of  the  succession  of  changes,  which,  nevertheless 
■till  temains  somewhat  nnintelliglble  in  consequence  of  the 
varcity  of  illustrations.  But  the  importance  of  the  argu- 
aieol  and  the  divergence  existing  between  my  results  and 
UuMe  of  such  an  excellent  observer  as  Kowalewsky,  must  be 
my  excoae  for  the  detailed  nature  of  the  account  1  have 
(ins.  Aocordiog  to  the  author  above  cited,  the  tirst  phases 
of  development  in  L.  ai/ricola  are  very  simple  and  regular. 
The  aeaincnuiiun  produces  almost  from  the  first  cells  of 
of  eqtuu  siac,  and  a  disc-shaped  body  is  formed,  which  be- 
eomea  divided  by  a  jissure.  representing  the  segmeniation 
CSvitT,  ialo  two  laminar,  each  consisting  of  a  single  layer  of 
oeOa;  tbM«  soon  become  distinguishable  by  the  nature  of 
protoplasm.      The  circumference  then  raising  itself 
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above  the  lamina  of  clear  cells,  the  disc  nssiimes  the  foi 
a  cup,  which  by  the  narrowing  of  its  mouth  bee 
ally  a  typical  blastodermic  bladder,  that  is,  a  double-vralled 
SBC,  whose  outer  wall  represents  the  ectoderm,  while  the 
ifitetnal  gives  rise  to  the  epithelium  of  the  mid  gut  with  its 
glandular  appendages.  On  comparing  this  with  my  descrip- 
tion of  the  changes  during  the  corresponding  period  of 
development  uf  L.  trapezoides,  considerable  differences  will 
be  noliced.  I  do  not  believe  that  essential  errors  can  have 
occurred  on  either  side ;  there  must  be  a  real  difference  in  the 
facts  observed,  and  this  is,  in  part  at  least,  explained  by  the 
peculiarities  of  the  later  development  of  L.  trapczoidea  to  be 
now  described. 

Immediately  after  its  formation  the  germinative  sphere 
does  not  show  ft  well-deteroiined  arrangement  of  the  cells, 
though  there  are  differences  in  size  between  them.  With 
regard  to  the  quality  of  the  protoplasm  it  is  the  same  in  all 
the  celts.  But  after  some  time  a  grouping  of  the  cells  into 
distinct  layers  begins,  which  leads  to  the  formation  of  the 
germinal  layers.  The  peripheral  cells  about  one  of  the 
poles  multiply  and  become  flatter,  but  it  is  to  be  noliced  that 
two  of  them — those  situated  at  the  most  prominent  point — 
do  not  take  part  in  this,  but,  on  the  contrary,  increase  in 
size,  and  attain  a  considerable  length;  these  cells  then 
become  covered  by  the  small  peripheral  cells,  and  pushed 
towards  the  centre  (PI.  IX,  fig.  3,  cm.).  In  the  inside, 
upon  these  large  cells,  which  I  shall  call  mesoblastic,  rests 
a  layer  of  small  and  flattened  cells  (en),  and  at  their  sides 
are  already  distinguishable  a  smnll  number  of  very  thin 
flatter-shaped  cells  {mea) ;  these  cells  are  closely  united 
together  and  arranged  in  two  rows,  which  are  directed  from 
the  sides  of  the  cells  (on)  tovards  the  opposite  pole,  where 
they  meet  the  remains  of  the  emhryoplastic  material,  consist- 
ing of  a  layer  of  largo  and  still  undifferentiated  cells.  Thus, 
the  constitution  of  the  laminie  of  the  germinal  layers  is  in 
part  marked  out;  the  flat  peripheral  cells  (ec)  form  the 
external  layer  (ectoderm),  those  collected  in  the  interior 
produce  the  internal  layer  (endoderm),  and  the  few  cells 
grouped  in  two  lateral  columns  {mes)  are  the  first  rudiment 
of  the  middle  layer(mesoderm)  ;  all  the  large  cells  occupy* 
ing  the  other  hemisphere  undergo  further  changes,  tending 
to  produce  an  arrangement  completely  corresponding  with 
that  just  described.  But  before  this  occurs  a  dii-ision  of  the 
germ  into  two  hemispheres  nlwaya  becomes  evident.  While 
the  egg  is  elongating  in  one  diameter  n  traneverse  furrow 
appears  half  way  between  the  two  extremities ;  it  does 
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extend   round   the   whole   circumference,   but  is 

piMent  on  one  side  only.  This  furrow,  deepening  itself, 
rither  by  the  elevation  of  its  borders  or  because  the  celts 
lining  ita  floor  force  themselves  into  the  lateral  elevationx, 
iliriJes  the  germ  nearly  completely  into  two  halves,  tvhich  are 
joined  only  by  a  series  of  enlarged  ecloderm  cells.  The 
process  of  the  development  of  the  transverse  fiseure  goes 
on  simultaneously  with  the  differentiation  of  the  cells  of  the 
Iiitherio  inactive  hemisphere. 

To  explain  better  the  entire  process  I  will  describe 
figures  4,  6,  and  7  of  PI.  IX,  Comparing  fig,  4  with  fig.  S, 
which  represent  two  stages  very  near  logelher,  the  e1onga< 
Uon  of  the  diameter  which  passes  through  the  poles  of 
the  egg  will  be  noiiced,  transforming  it  from  a  sphere  to  an 
ovoid  ;  at  oni.-  extremity  the  arrangement  of  the  cells  remains 
exactly  as  it  was  in  fig.  3,  but  in  the  middle  the  mass  of 
cetb  ta  divided  by  a  larger  fissure,  which  represents  the 
boltotn  of  the  transverse  furrow  ;  to  the  right  of  this  is  seen, 
ioaiead  of  the  limple  layer  of  large  cells  of  fig.  3,  two 
very  dUtinct  groups  of  cells,  on«  peripheral,  of  nearly  cylin- 
drical cells,  and  a  mass  of  polygonal  cells  in  the  interior, 
which  forms  part  of  the  wall  of  the  furrow. 

In  fig.  6,  which  appears  a  little  less  complicated  in  dntail 
only  breause  the  plane  of  the  optical  section  does  not  pass 
through  the  rudiments  of  ibe  middle  layer,  which  are,  how- 
ever, easily  recognisable  in  the  preparation,  the  division 
into  (WO  halves  of  like  structure  may  already  be  distinctly 
•een,  though  that  on  the  right  hand  is  still  a  little  behind 
Ibe  other  in  development,  not  having  the  endoderm  well 
defined.  Of  the  two  mesoblast  cells  on  this  side  one  only 
i*  reotesented,  because  the  other  is  hidden  by  it.  In  the 
middle,  between  the  two  hemispheres,  are  to  be  noticed  two 
Large,  lninflvcr«cly  elongated  cells,  distinguished  by  the 
clearnea*  of  their  protoplasm,  which  form  a  kind  of  ligament 
between  the  two  halves. 

Fig.  7  shows  the  egg  distinctly  divided  into  two  halves  of 

■tmilar  structure,  joined  together  not  very  closely  by  a 

an  eord  of  large  cells  containing  large  nuclei. 

fVThile    the    traitsverse    furrow    deepens    the   entire  egg 

langea  its  form  and  becomes  kidney-  or  bean-sbaped,  and 

then  tb«  free   margins   of  the   groove   arch    inwards  and 

■pproaeli  one   another  in    such    a    way   as  to   narrow   coii- 

■"■Vrahly  the  entrance.     The  bottom  enlarges  in  the  direction 

the  extremities  and  excavates  the  inside  of  each  of  the 

iiipbeTe«,   pushing  the  cellular  layer   («t)  towards  the 

*n  olher  words,  the  endoderm  becomes  inTaginaie4f 


I 

I 


1 


216  NIKOLAS  KLIINXNBIliO. 

beginning  at  the  lateral  margins  of  the  furrow  in  both  the 
hemispheres,  which  are  thus  transformed  into  sacs  with 
double  walls.  This  form  of  the  embryo  is  represented  in 
profile  in  fig.  8,  and  in  front  view  of  fig.  9,  where  the 
relations  just  described  can  be  easily  made  out.  Each  of 
the  compartments  encloses  a  cavity  [cd),  which  communi- 
cates with  a  common  space  opening  to  the  exterior  by  a 
fissurci  already  much  contracted,  in  fig.  9.  The  walls  of 
each  compartment  couBist  everywhere  of  two  or  more  layers 
of  cells,  a  very  distinct  ectoderm  (ec)  and  an  endoderm  (en) ; 
besides  this,  there  are  at  the  opposite  extremities  of  each 
two  mesoblast  cells  (em)  and  two  rows  of  flattened  cells 
{meg).  Each  of  the  lateral  cavities  (cd)  will  form  the 
digestive  cavity  of  an  individual,  their  openings  into  the 
common  groove  will  each  become  a  mouth,  and  the  single 
egff  will  produce  two  worms.  To  come  to  the  end  at  once  I 
will  explain  the  manner  in  which  the  perfect  separation  into 
two  individuals  is  accomplished.  It  is  very  simple ;  each 
embryo  rotates  about  the  axis  of  the  uniting  cord  towards 
the  side  opposite  the  common  aperture,  and  turns  at  the 
same  time  a  little  on  its  own  long  axis,  but  in  the  opposite 
direction  to  the  movement  of  the  other;  from  the  first 
movement  results  the  enlargement  of  the  aperture  and  of 
the  common  cavity,  which  leads  to  their  complete  separation 
and  the  approximation  of  the  sides  of  the  two  embryos, 
united  by  the  median  cord  in  such  a  way  as  to  leave  them 
nearly  parallel  with  one  another. 

The  second  rotation  produces  a  want  of  symmetry  between 
the  planes  of  the  longitudinal  sections ;  that  is  to  say,  the 
corresponding  meridians  of  the  two  embryos  intersect  nearly 
at  a  right  angle.  The  point  where  the  uniting  cord  holds 
together  the  two  embryos  corresponds  to  their  necks,  since  it 
is  between  the  cord  and  the  oral  apertures  (which  are  now 
much  restricted  and  converted  into  narrow  canals)  that  the 
two  cephalic  lobes  take  their  origin. 

In  this  union  the  two  embryos,  forming  a  rather  monstrous 
twin  organism,  remain  for  some  time,  growing)  and  develop- 
ing and  completing  their  internal  organisation,  turning 
gently  in  the  albumen,  without  at  all  impeding  one  another, 
by  the  concordant  action  of  their  vibratile  cilia,  which  have 
been  some  time  developed.  But  little  by  little  the  commis- 
sure relaxes  to  such  a  degree  that  the  least  pull  is  enough  to 
break  it,  a  circumstance  which  can  hardly  fail  to  occur  when 
the  contractions  of  the  bodies  of  the  embryos  begin.  It 
thus  happens  that  the  Siamese  twins  dissolve  their  too  close 
relationsbipj  which  had  probably  become  a  nuisance  to  each 
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of  them,  and  abandoning  each  other  rove  at  their  leisure 
tbroueVi  the  albumin.  But  affairs  do  not  always  go  on 
smoothly.  There  are  cases,  noC  at  all.  rare,  in  which  this 
strange  mode  of  development  leads  to  true  monstrosity  ;  this 
happens  when  the  uniting  cord  does  not  relax  in  time  to  be 
■ble  to  be  broken,  or  when  it  extends  to  an  abnormal  amount. 
lu  fact,  among  perfectly  developed  worms  already  hatched 
double  monsters  nte  met  uith  in  all  grades  of  concrescence 
(moie  or  lees  perfect),  from  those  that  are  so  firmly  united 
along  tbo  whole  extent  of  the  body  that  it  is  impossible  to 
Mparate  them  without  breaking  them  to  pieces,  to  others 
which  are  hitched  coupled  together,  but  only  by  so  thin  and 
frail  a  ligament  that  lliey  yet  succeed  in  effecting  their  sepa- 
ration, althoiigb  it  may  be  at  a  comparatively  late  period. 
All,  however,  have  two  heads  and  two  tails,  two  mouths  and 
two  aui,  well  separated;  it  appears  also  that  the  junction 
nexer  extends  to  any  internal  organ,  but  always  remains  con- 
fined to  the  epithelial  layer  of  the  body-tvall. 

The  above- described  mode  of  formation  of  the  twin 
embrjos  is  realised  in  the  great  majority  of  eases,  but  not 
lehlont  embryos  are  found  in  other  conditions,  differing  chiefly 
with  regard  to  the  age  at  which  the  twins  are  produced.  We 
hare  seen  above  how  the  differentiation  of  the  layers  of  the 
bUatoderm  begins  at  one  pole  while  the  embryoplastic  mate- 
rial of  the  other  hemisphere  is  still  in  an  undifferentiated 
>tat«,  but  yet  that  this  inequality  disappears  very  soon. 
There  are,  however,  cases  in  which  a  single  embryo  altnins 
a  considerable  development  before  the  first  rudiment  of  its 
(Bpuiioo  is  formed.  1  have  represented  one  of  them  in 
^o;  it  is  to  be  understood  that  this  is  much  further  de- 
1  than  fig.  4.  The  endoderm  has  already  its  peculiar 
^^^  ance  and  forms  a  closed  sac ;  the  germinal  streaks  are 
«Ct7  distinct,  although  the  example  lacked  any  sign  of  a 
tecond  embryo  if  the  large  cells,  which  are  obviously  identical 
with  those  of  the  uniting  ligament,  do  not  indicate  that  a 
Mcood  individual  may  yet  grow  out.  In  fig.  10  is  seen  a 
much  more  advanced  embryo,  in  which,  above  the  opening 
of  the  mouth,  a  small  cellular  excrescence  {ir)  of  a  rather 
irregular  form  appears,  which  passes  without  interruption 
into  the  germinal  streaks,  and  is  the  rudiment  of  the  second 
mtbr]:o.  I  have  found  also  much  further  developed  embryos, 
which  produced  similar  buds  on  the  margins  of  their  mouths. 
(»r  ih-  r.thcr  hand,  I  believe  the  case  to  be  most  rare  of  nn 
J  rise  to  only  one  embryo,  or  rather,  I  should  say,  1 
T  aK«rtained  the  existence  of  such  a  case.  It  is 
^  that  sometimes  a  single  worm  escapes  from  a  cap- 
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8ule,  but  then  nearly  always  the  remains  of  its  companion 
are  found. 

This  mode  of  reproduction  appears  to  me  worthy  of  some 
remark,  although  it  is  not  my  intention  to  enter  here  into  a 
discussion  of  the  known  facts  of  development  of  other 
animals  which  might  be  compared  with  it.  Apparently  in 
our  case  there  is  not  a  succession  of  individuals,  in  which 
only  the  first  owes  its  existence  to  the  co-operation  of  the 
sexual  elements,  while  the  other  takes  its  origin  from  it  by 
agamic  generation ;  from  the  egg  of  L.  trapezoides  two  in- 
dividuals arise  directly  and  essentially  independently  of  one 
another.  In  the  cases  described  last,  in  which  a  well-de- 
veloped embryo  produces  the  rudiment  of  the  other,  the 
second  should  be  considered  to  be  a  bud,  but  such  a  case  is 
abnormal ;  regularly,  the  second  embryo,  although  formed  a 
little  later,  and  in  connection  with  the  other,  does  not  de- 
velop from  the  embryoplastic  material  employed  in  the 
formation  of  the  first,  but  from  a  portion  of  the  blastomeres 
derived  directly  from  the  segmentation  which  remains  intact 
until  it  becomes  an  independent  formative  centre. 

To  interpret  the  division  of  the  embryoplastic  material  as 
the  expression  of  a  fission  that  happened  at  first  in  the  adult 
animal  and  then,  in  the  course  of  generations,  became  put 
back  by  the  help  of  natural  selection  to  the  beginning  of 
development,  would  be  to  make  a  very  arbitrary  and  little 
satisfactory  hypothesis,  which  also  would  be  in  antagonism 
with  the  knowledge  that  we  have  of  the  fission  and  germina- 
tion of  the  annelids.  As  far  as  we  know,  this  process  takes 
place  regularly  in  the  posterior  part  of  the  body  (not  at  the 
head  end),  and  this  is  not  merely  an  empirical  law,  but  is 
explained  by  the  fact  that  in  many  annelids  the  posterior 
extremity  retains  during  life  distinctly  embryonic  characters. 
Hence  there  is  no  more  probable  explanation  of  the  double- 
nes8  of  the  embryos  than  what  can  be  found  in  the  original 
internal  arrangement  of  the  fecundated  e^g,  a  thing  which 
is  not  so  stranjj;e,  since  the  experiments  of  Haeckel  on  the 
Siphonophorie  ^  have  shown  the  possibility  of  multiplying 
tho  number  of  embryos  by  artificial  division  of  the  first  mass 
of  blastomeres.  Nevertheless,  the  case  we  have  before  us 
apjUMirs  to  be  without  analogy  in  the  development  of  other 
animals. 

Toduro  established,  three  years  ago,  that  the  individuals 
of  tho  compound  stock  of  Salpa  are  to  be  considered,  not  as 
ohildrt^n,  but  as  younger  brothers  of  the  solitary  stock ;  how 

^  *  Zur  Eatwiokelttiigsgt$eluclit«  der  Siphonophoren.'    Utrecht,  1860| 
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great  toerer  may  be  the  difference  between  the  mode  of  pro- 
duclioa  and  the  anatomical  and  physio1o(;ical  relations  of  the 
(wo  alternate  generations  of  Salpa  and  the  gemcUiparous  de- 
velopment of  Lumbricus  irajpezoides,  it  is  not  possible  to  fail 
to  see  the  snme  principle  ruling  in  both  these  forms  of  dc- 
velopment.  Tudaro  was  led  to  the  conclusion  that  the 
expiaaalion  of  the  phenomenon  is  to  be  sougbt  in  the  earliest 
steps  of  the  process  of  sexual  reproduction.' 

The  following  consideralions  may,  perhaps,  suggest  a 
means,  a  little  difficult,  however,  in  the  application,  for 
solving  the  <]ueBliun  definitely.  The  important  labours  of 
FoP  and  of  Hertwig^  have  rendered  it  very  probable  that 
not  only  is  the  introduction  of  a  single  spermatozoon  into 
the  protoplasm  sufficient  to  establish  an  orderly  and  efficient 
generative  movement,  but  that  the  presence  of  more  sperma- 
tozoa, instead  of  assisting  the  development,  occasions  a 
Kriotu  disturbance  of  the  order  of  the  molecular  arrange- 
menta,  producing  a  number  of  centres  of  ncttvity,  and  thus 
leading  to  an  irregular  segmentation,  and  at  last  to  the  com- 
plete destruction  of  the  embryoplastic  material.  Now,  the 
thought  naturally  presents  itself,  that  in  some  case  the  action 
of  two  spermatozoa  introduced  into  an  egg  of  great  vitality, 
ttgutoUd  by  means  of  special  dispositions,  might  augment 
instead  of  (uniiug  aside  and  paralysing  the  productive  force 
of  ibe  egg,  inducing  in  it  a  transformation  not,  as  is  usual, 
into  one,  but  into  two  perfect  embryos,  and  this  might  be 
the  case  in  Lumbricus  Irapezoidet, 

Tho  fact  that  each  capsule  of  L.  trapezoides  produces  two 
worms  was  known  to  Dug^s,*  who  also  observed  and  figured 
a  double  monster  ;  and  Ratatel  and  Warschawsky  describe  a 
like  abnormality  in  L.  agricola.  It  is  a  pity  that  the  descrip- 
tioo  which  these  authors  give  of  the  first  stages  of  develop- 
tnent  is  too  superficial  to  allow  a  precise  conception  of  them 
lo  b«  made.* 

Tbia  double  reproduction  is  exceptional  even  in  the  single 
gwQoa  LumhricuM.  L.  teres  follows  the  ordinary  rule,  pro- 
daciDg  one  embryo  from  an  egg  and  no  more  ;  the  same  holds 
good,  without  doubt,  for  Z.  rubellus. 

Ai  the  duplicity  of  the  embryos  has  no  influence  on  the 

'  '  Soon  lo  iviluppo  e  ruiitomik  deile  Snipe.'    Roma,  ISTb,  p,  08,  of. 
HatKM:  "  On  PedicclliiMc"  '  Zeit.  fur  Wiss.  Zool.,'  T.  txix.  p.  a30. 
»  'SvlccommeBC^meDt  Je  rbinogiaie.'    OeoiTe,  1S77,  p.  35. 
■  'UarpkelMiiehn  Jkbrbadi.'T.N..  ll>7S,  p.  US. 

*  *  Aaa^M  d«t  Scinicet  N*lur«llH,'  T.  t>,  ISiS,  pp.  331— 33:^. 

*  Lac  dt.  Tb«  proceues  described  in  (hit  work  u  the  first  pbeoomena 
ol  dmkMinit  bewag,  as  Kovalewskj  hu  Jiutlj  obicrTcd,  ouljr  lo  tha 
* — ~~~     na  af  tba  Bos'focuadkl«<I  i(fa. 
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internal  development^  I  shall  take  no  more  notice  of  it  and 
I  shall  treat  of  each  embryo  without  heeding  its  companion. 
We  left  the  embryo  in  the  form  of  a  depressed  globe^  now  it 
is  lengthened  in  its  antero-posterior  diameter,  and  a  little 
compressed  on  the  dorsal  and  ventral  surfaces,  and  hence  has 
the  shape  of  an  oval  lens.  The  central  cavity  enlarges  be- 
cause it  begins  to  suck  in  to  itself  part  of  the  albumen  in 
which  the  embryo  swims.  This  nutritive  substance  does  not 
become  employed  and  transformed  immediately  into  the 
growing  tissues,  but,  drawing  itself  together,  forms  a  large 
and  dense  mass,  which  nearly  completely  fills  the  space. 
The  mouth,  although  it  serves  as  a  passage  for  the  introduc- 
tion of  the  albumen,  becomes  diminished  to  a  very  fine  canal, 
which  pierces  the  body-wall  obliquely  from  below  upwards. 
Sometimes  it  shuts  completely,  and  then,  being  without  the 
means  of  absorbing  the  albumen,  the  embryo  remains  very 
small  and  the  lumen  of  the  canal  disappears,  its  walls  ap- 
proaching each  other  tiU  they  touch.  Notwithstanding  this, 
all  the  tissues  develop  regularly  and  arrive  at  perfection,  if 
in  the  subsequent  changes  the  mouth  reopens. 

I%e  Germinal  Layers  and  the  Germinal  Streaks. 

The  way  in  which  the  blastomeres  of  one  hemisphere  be- 
come arranged  in  distinct  layers,  while  the  common  rudiment 
of  the  two  embryos  is  still  a  solid  sphere,  has  been  described 
above.  Tho  octoderm  >  f'<^  iu  all  the  figures)  becomes  defined 
by  tho  separation  of  a  single  layer  of  cells  around  a  solid 
central  mass.  Its  cells  from  the  first  are  cylindrical,  with 
valhor  ilonso  protoplasm,  containing  a  great  number  of  very 
fine  granules.  As  the  embryo  increases  in  size  the  cells 
multiply  anil,  losing  their  cylindrical  form,  become  trans- 
formed into  very  broad  and  thin. plates,  which  cover,  as  a 
single  layer,  the  whole  body  of  the  embryo.  In  the  middle 
line  of  the  ventral  surface  a  double  or  treble  row  of  these 
cells,  stretching  from  the  aboral  pole  to  the  mouth, developes 
a  great  number  of  vibratile  cilia,  which  produce  by  their 
movements  tho  continual  gentle  rotation  of  the  embryo  about 
its  transverse  axis. 

The  formation  of  the  endoderm  {en)  is  not  so  simple  and 
oasily  explained.  It  apj>ears  possible,  even  probable,  that 
when  the  germinal  bladder  yfig.  5?)  becomes  solid  some  of 
tho  lower  and  smaller  colls  of  one  pole  enter  into  the 
segmentation  cavity  :  but,  on  the  other  hand,  there  is  no 
doubt  that  other  cells,  which  participate  in  the  formation  cf 
the  inner  layer,  separate  themselves  from  the  central  ends  of 
the  long  cells  surrounding  one  side  of  the   segmentation 
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cavitT  (figB-  3,  4,  6,  7,  en}.  It  is  certain,  then,  iliat  before 
the  Dolloiring  of  the  embryo  by  an  inraginatioD,  which 
producee  the  digestive  cavity  and  the  mouth,  the  layer 
which  is  to  become  the  endoderra  is  already  easily  recognis- 
able. At  that  time,  however,  the  aspect  of  nil  the  cells  is 
•till  uniform,  but  when  the  invagination  begins,  a  peculiar 
change  occurs  in  the  endoderm  celfe.  They  increase  much  in 
lengtn,  and  become  prismatic ;  their  nuclei  approach  the 
estrfinuti«s  and  project  freely  into  the  digestive  cavity;  the 
proloplasm  becomes  soft  and  filled  with  numerous  albu- 
minou*  eur^iusclcs,  n  sure  sign  of  the  active  nutritive  changes 
gotDg  on  in  it.  lu  this  stage  the  endoderm  cells,  which 
never  bear  vibratile  cillia,  Jo  not  cover  the  digestive  cavity 
alone,  but  also  line  the  buccal  canal  ss  far  as  its  external 
opening  (fig*.  8  and  10). 

Mention  has  already  been  made  of  two  cells  of  the  peri- 
phenl  layer,  which  become  puslied  into  the  inlerior,  and 
then  covered  bv  the  flat  cells  of  the  ectoderm.  This  happens 
near  the  aboral  pole  on  the  side  which  afterwards  becomes 
donal.  They  arc  vcry-easily  recognised  when  their  external 
■oriacei  Mill  project  freely  on  the  surface  by  their  size  and 
by  their  rather  more  dense  protoplasm,  and  in  the  figs.  3 
and  4  (cm)  the  way  in  which  they  become  gradually 
tarered  with  flattened  cells,  which  extend  from  all  sides 
towards  a  paint  of  union,  is  se«n.  In  figs.  6,  7,  8,  9,  en, 
tbey  are  completely  covered  and  have  moved  further  in- 
waraa.  Thrir  longitudinal  section  is  wedge-shaped,  with 
the  thin  end  diverted  towards  the  periphery,  and  the  base 
bordering  upon  the  layer  of  endoderm.  They  each  contain 
a  Urge  spherical  nucleus. 

At  the  sides  of  each  of  these  cells,  between  them  and  the 
ectodemi,  appunr  very  soon  two  or  three  email,  very  thin, 
dtsc-akapcd  cells  place<l  one  upon  the  other,  with  their  bases 
firmly  adherent  (figs.  S,  4,  met.)  These  cells,  increasing 
rnitUy  in  number,  group  themselves  in  two  rows  or  cords, 
wbii^,  atarling  from  tlie  mcsoblasts,  are  directed  immediately 
towai4a  the  opposite  edges  of  the  lentiform  body,  where 
they  turn  up  to  join  the  oral  extremity  (figs.  5,  8,  9,  10, 
11a,  114,  muw).  They  thus  together  make  a  nearly  complete 
circle,  inleruplcd  only  behind  by  the  two  interpolated  meso- 
blaat  cells,  and  in  front  by  the  nnouth ;  they  do  not  remain 
long  in  this  state,  but  first  widen  and  then  become  thicker, 
being  now  composed  of  two,  three,  or  more  rows  of  cells, 
placed  tide  by  side,  and  of  as  many  layers  placed  one  upon 
the  other  (fin.  lla,  12,  13).  These  cellular  arches  are  the 
rudiments  of  the  mesoderm. 

▼OL.  ru.— jixw  sea.  F 
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Now^  what  is  the  origin  of  the  cells  of  the  mesoderm  ? 
According  to  Kowalewsky,  the  two  large  cells  produce  the 
middle  layer  in  L,  rubellus,  while  in  X.  agrtcola,  where 
such  cells  do  not  exists  the  well-developed  endoderm  pro- 
bably furnishes  the  material  for  the  formation  of  the  meso- 
derm. In  Eudxes  the  middle  layer  is  derived  directly 
from  the  division  of  the  four  first  blastomeres.^  Hatschek 
affirms  still  more  decisively  that  in  L,  rubellus  the  mesoderm 
is  derived  from  the  two  large  cells.* 

There  is  no  doubt  that  the  mesodermic  arches  begin  with 
the  appearance  of  the  few  small  cells  at  the  sides  of  the 
mesoblast  cells^  and  that  their  development  proceeds  from  here 
towards  the  opposite  extremity;  this  is  certainly  a  remarkable 
fact^  but  is  it  enough  to  enable  us  to  decide  the  part  which 
the  large  cells  play  in  the  formation  of  the  mesoderm  ?  I 
have  not  met  with  states  of  incomplete  division  in  the  latter, 
but  very  little  value  can  be  attributed  to  such  a  negative 
result,  especially  because  it  is  matter  of  general  experience 
that,  in  rapidly  growing  tissues,  cells  in  which  the  process  of 
division  has  really  begun  without  being  completed  are  rarely 
observed.  This  fact  may  be  explained  by  the  rapidity  of  the 
process  of  fission,  after  the  previous  internal  changes  have 
been  effected.  But  the  observation  that  the  large  cells  retain 
their  volume  apparently  unaltered  from  the  beginning  to  the 
end  of  the  embryonic  life  may  raise  more  serious  doubts  as 
to  their  reproductive  activity. 

At  least  I  have  not  been  able  to  ?nak€  sure  of  the  exist- 
ence of  oscillations  in  the  size  of  the  large  cells  which  would 
have  justified  the  supposition  that  they  deprived  themselves 
of  a  portion  of  their  substance  to  give  rise  to  tlie  cells  of 
the  mesoderm.  Kowalewsky  represents  a  stage  in  which 
each  of  the  large  cells  is  divided  into  three  smaller  ones  of 
nearly  equal  size.^  In  L.  trapezoides  this  never  happens ;  on 
the  contrary,  the  cells  of  the  mesoderm,  which  are  in 
contact  with  the  large  cells,  are  always  among  the  smallest 
and  most  compressed.  Notwithstanding  all  this  I  am  also 
of  opinion  that  there  must  be  a  production  of  new  cells 
from  the  two  large  ones,  solely  because  they  show  very 
often  the  phenomena  which  may  be  considered  with  great 
probability  as  a  necessary  preparation  antecedent  to  the 
formation  of  new  cells.  In  this  case  the  mode  of  reproduc- 
tion would  be  what  is  ordinary  called  gemmation ;  cells 
greatly  inferior  in  size  to  the  mother-cell  would  separate 
themselves  from  a  point  of  the  surface,  and  the  mother-cell 

•  Loc.  cit.,  pp.  16,  23,  29. 

2  •  Zeit.  fur  Wiss.  Zool./  T.  xxix,  1877,  p.  645. 

^  Loc.  cit.)  pi.  vi,  fig.  14, 
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would  nig&it)  almost  immediately  its  original  volume,  by  the 
■id  of  an  extraorOinarily  energetic  nutritive  change.  Now, 
the  cellii  produced  ia  such  a  way  from  the  large  ones  cet- 
taiuly  would  not  be  placed  el*ewhere  than  in  the  mesoderm, 
uid  would  form  a  part  of  it.  I  say,  a  purt,  because  anotber, 
uid  I  believe  the  larger  part,  ccTtnialy  has  a  different  origin. 
It  bu  beeo  explained  above  huw  the  ectoderm  cells  trans- 
form  tbemselvea  into  wide  and  flat  plates;  this  ia  true  for 
tlie  dorsal  and  ventral  surfaces,  but  the  cells  of  those  tracts 
of  ectoderm  whicli  cover  the  cords  of  mesoderm  either  keep 
tbeit  lonser  or  shorter  prismatic  or  cylindrical  shape  or 
reeorer  tn&t  form  after  having  been  depressed  before  the 
iii«fod«mi  comes  to  raise  them  (figs.  11a,  l\b,  IS,  IS,  ecc). 

Now,  whiltt  the  larger  number  of  the  ectoderm  cells  show 
little  activity,  and  appear  not  to  divide,  except  when  their 
ia  no  other  way  to  prevent  the  interruption  of  continuity  of 
ibe  ntteroal  covering  of  the  embryo,  those  which  cover  the 
■iddle  layer  are  in  a  state  of  the  most  rapid  reproduction. 
The  oewly  made  cells  do  not  become  employed  in  the 
cnlargemvnl  of  the  surface,  but  losing  little  by  little  their 
connection  with  the  layer  from  whence  they  took  origin, 
thn  force  themselves  inwards,  when  tbey  unite  witli  the 
eclu  of  the  mesoderm.  This  relation  appears  to  me  to  be 
>«ry  easily  and  clearly  recognisable.  Sections,  especially 
tniMverse  ones,  show  how,  here  and  there,  the  line  of 
drmaraition  between  tbe  ectoderm  and  mesoderm  disappears 
altogether,  while  in  other  parts  of  the  same  embryo  it  is 
TOT  evident.  It  is  impossible  to  decide  whether  certain 
eem  belong  to  the  external  or  to  the  middle  layer  ;  indeed, 
it  eometimrs  Be«ms  that  tbe  covering  of  the  two  cords  is 
faUcd  inward*  round  their  proximal  margins,  cells  of  the 
esimwl  layer  in  this  manner  placing  themselves  below  the 
almuly  fOTmnl  elements  of  tbe  mesoderm.  But  the  direct 
Itrodticuoii  of  tnesoderm  cells  from  the  external  layer  lasts 
aaUf  a  short  time.  With  the  progress  of  development  a  very 
distiuct  demarcation  becomes  established  between  tbe  two 
laTen^  and  tbe  very  im]>onant  increase  which  the  mesoderm 
Wiieefiirward  undergoes  is  produced  solely  by  tbe  multiplica* 
tioo  of  iu  own  progicr  cells. 

On  Ibe  other  hand,  with  the  greatest  attention,  I  have 
not  been  able  to  discover  the  least  sign  of  tlie  endoderm  colls 
pajticipatinif  in  the  formation  of  the  middle  layer,  and  as  in 
(be  »Ug»  onder  consideration  their  relative  [losilions  are 
Terr  dear  and  distinct,  I  do  not  hesitate  to  say  that  the 
mlemal  layer  has  no  share  iu  the  formation  of  the  mesoderm. 
But  bow  can  this  be  t  I  have  admitted,  at  least  for  a  partjjf 
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the  mesoderm,  an  origin  from  the  two  large  cells^  and  these, 
according  to  Kowalewsky,  were  originally  elements  of  the 
endoderm^  from  which  they  separated  and  approached  nearer 
the  surface.  In  this  case  the  large  cells  would  merely  be 
the  part  which  unites  the  mesoderm  with  the  endoderm ; 
and  the  derivation  of  the  first  from  the  second^  though  not 
direct^  would  be  none  the  less  a  fact.  But^  as  is  indicated 
in  what  precedes^  I  am  unable  to  agree  with  the  assertions 
of  the  Russian  embryologist,  because  in  L,  trapezoides  the 
mesoblast  cells  are  distinguishable  before  the  arrangement 
of  the  embryoplastic  material  into  distinct  layers  is  recog- 
nisable ;  because  at  first  these  cells  occupy  a  position  on  the 
surface^  with  a  large  part  projecting  freely^  and^  changing 
their  position,  become  pushed  from  without  inwards,  instead 
of  coming  from  a  deep  layer  to  the  surface ;  and,  finally^ 
because  in  no  respect,  neither  in  the  quality  of  their  proto-  , 
plasm,  nor  of  their  nucleus,  do  they  show  any  resemblance 
to  endoderm  cells.  After  this  they  should  certainly  be  con- 
sidered ectodermic  elements,  if  the  earliness  of  their  appear- 
ance, before  the  definite  foundation  of  the  layers,  did  not 
render  the  question  almost  insoluble.  Besides,  I  am  not  at 
all  convinced  that  the  afiair  takes  place  in  L,  rubeUus,  as 
Kowalewsky  supposes ;  the  figures  which  should  bear 
witness  to  his  assertion^  do  not  persuade  me  at  all,  and 
unless  he  is  supported  by  less  equivocal  observations  I  think 
that  his  opinion  rests  on  a  very  doubtful  foundation. 

I  shall  call  the  two  cords  or  mesoderm,  together  with  the 
superposed  ectoderm,  the  '*  germinal  streaks"  (Keimstreifen), 
and  shall  use  this  term  to  make  the  topographical  descrip- 
tions simpler.  In  tracing  the  true  origin  of  the  organs  it 
would  not  be  correct  to  use  it,  as  each  streak  is  composed  of 
two  layers  of  different  value,  of  which  the  lower,  the  meso- 
derm, has  precise  limits,  while  the  upper,  the  portion  of 
ectoderm  belonging  to  the  *'  streak,"  is  continuous  with  the 
general  covering  of  the  body.  In  treating  of  the  original 
derivation  of  an  organ  I  shall  always  go  back  to  the  primitive 
layers. 

The  germinal  streaks,  when  they  have  reached  the  head 
end,  must  naturally  be  closely  approximated,  since  they 
extend  over  an  oval  body.  But  they  do  not  unite  at  once, 
but,  ceasing  to  progress,  they  widen  so  as  to  form  two  pro- 
jections, like  the  heads  of  nails,  at  the  sides  of  tlie  mouth. 
(PI.  X,  fig.  15  pp),  A  little  later,  however,  the  most 
anterior  cells  tend  from  both  sides  towards  .the  median 
dorsal  line,  and  when  they  reach  it  fuse  with  those  of  the 

^  Loc.  cit.,  plate  yi,  figs.  10  and  12. 
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opponte  side;  a  semicircular  commissure  is  thus  formed, 
ntnfttcd  on  the  back  between  the  mouth  and  the  cells,  which 
unite  the  two  embryos.  Figs.  16  and  17  represent  sections 
of  the  he*d  end,  in  which  the  formation  of  the  commissure  of 
*  tUteuVs  is  already  completed,  and  its  position  relatively 
the  aurrounding  parts  is  easily  recognisable.  Fig.  16  d  is  a 
ttion  immediately  beliind  fig.  16  a,  and  serves  to  show  the 
'inuilyof  the  cephalic  arch  or  commissure  with  the  cords 
Jti  occupy  llie  lateral  parts  of  the  body.  But  if  in  the 
I  Mages  the  enlargement  of  the  streaks  is  owing  chiefly  to 
(  junction  of  cells  derived  from  the  ectoderm  with  the 
idem),  this  holds  good,  above  all  for  the  formation  of  the 
eommitsare.  It  is  certain  that  only  a  very  few  cells  pre- 
farmrd  in  the  mesoderm  enter  into  this;  the  larger  part  are 
derived  directly  from  the  ectoderm,  which  thickens,  until 
(bree  or  font  layers  of  superimposed  cells  appear  {fig.  22  pc), 
thedeepest  of  which  then  separate  themselves  from  the  more 
aoperficijil  to  become  blended  with  the  mesoderm  of  the 
Isbersl  cerminal  slrenke. 

Sathkc  speaks  of  the  origin  of  the  cephalic  portion  of  the 

gmntnal  streaks  in  A'ejfhelis  and   Clepsine  in  such  vague 

trrtn*  that  it  cannot  be  clearly  understood,'  and  KowHlensky 

doea  not  make  any  explicit  statements  on  this  qneslion,  but 

he  6sures  an  embryo  of  Euaxeg,  in  which  the  union  of  the 

I      genuQA)  ElTcaks  on   the  back  is  perfectly   clear.     Lastly, 

^^n  Semptrr,  after  baring  found  a  special  germinal  streak  for 

^^bfbmutioii  of  the  head  in  the  repruduclion  by  fission  and 

^^P^Motion  of  the    Naida?,  describes  also  in   Clepsine   the 

^Vmui  of  the  cephalic  streak  from  two  lateral  thickenings, 

irlueh  arv  at  first  independent  of  each  other  and  of  the 

r«itral   gtrrminal   streaks,  and   therewith   strengthens   his 

theocy  of  the  original  disiinciion  between  head  and  trunk. 

lo  opposition  to  this  I  afhrm  that  in  Lumbn'cas  trapezoidcs 

ifacte  is  never  a  special  rudiment  for  the  preoral  ring,  but 

that  the  cephalic  lobe,  whose  subsequent  changes  are  so 

iiapanaDt,is  formed  simply  by  the  union  of  the  germinal 

nnaks  oD  the  back. 

This  duraal  commissure,  which  I  shall  hencetbrward  call 
tb«  cephalic  germinal  streak,  becoming  greatly  thickened, 
rakea  itsvlT  above  the  mouth'  in  the  shape  of  n  semilunar 
faU  or  incompleti!  ring.  After  this  the  entrance  to  the 
digestiirv  cavity,  which  till  now  was  a  small  fissure  some- 
limii  Trry  diflicalt  lo  recognise,  becomes  transformed  into  a 
MmicircuUr  fossa,  deep  at  the  dorsal  side,  where  it  is 
•ajnoDdcd  by  the  projecting  cephalic  gormin.-il  streak,  and 
»  Loo.cit.,  pp.  S9,  95. 
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becoming  shallower  as  it  approaches  the  ventral  surface 
(PI.  Xy  fig.  22),  At  the  same  time  that  this  fossa  is  being 
excavated^  the  simple  layer  of  ectoderm  covering  the  cephalic 
germinal  streak  folds  itself  round  the  edge  of  the  projection 
and  is  reflected  into  the  buccal  fossa^  which  till  now  was 
lined  with  large  endoderm  cells  (PI.  IX,  fig,  10 ;  PI.  X, 
figs.  22,  23,  24,  eo).  The  inbending  begins  at  the  dorsal 
surface,  and  extending  from  here  embraces  little  by  little  the 
sides,  and  finally  the  ventral  portion  of  the  fossa.  Thus,  the 
ingestive  canal,  which  anteriorly  represents  the  mouth,  but 
posteriorly  is  converted  into  the  oesophagus,  becomes  covered 
by  a  plaster  of  ectoderm  cells  instead  of  its  original 
endodermic  covering,  which  is  thrust  towards  the  bottom  of 
the  digestive  cavity.  The  newly  formed  epithelium  of  the 
mouth  and  of  the  oesophagus  consists  of  a  single  layer  of 
slightly  granular,  cylindrical  cells,  elongate  in  the  interior, 
but  becoming  shorter  as  they  approach  the  edge  of  the  fold, 
where  they  are  continuous  with  the  external  covering  of  the 
body.  They  soon  put  out  vibratile  cilia,  very  similar  in  form 
and  movement  to  those  already  described  on  the  ventral 
surface.  A  similar  covering  of  cilia  extends  now  also  over  a 
circle  of  the  external  ectoderm  surrounding  the  mouth. 

The  vibratile  cilia  in  the  embryo  of  Lumbricus  are  thus 
confined  to  the  tract  of  ectoderm  cells  which  is  situated  on 
the  ventral  surface  between  the  germinal-  streaks,  and 
extends  from  the  mesoblast  cells  at  the  aboral  pole  to  the 
cephalic  extremity,  wliere  it  unites  with  the  vibratile  ring 
just  described.  This  mode  of  distribution  of  the  ciliated 
cells,  ^vhich  remains  unaltered  for  nearly  the  whole  of 
embryonic  life,  calls  to  mind  that,  not  of  the  larvee  properly 
so  called,  but  of  the  young  stages  of  many,  and  the  adult  of 
not  a  few,  Chactopods. 

It  is  obvious  that,  as  the  germinal  streaks  lengthen,  their 
respective  positions,  as  well  as  the  general  shape  of  the 
embryo,  must  alter,  and  the  necessary  changes  take  place,  as 
is  always  the  case  in  the  mechanism  of  the  animal  body, 
according  to  the  principle  of  least  resistance.  In  fact, 
instead  of  producing  directly  the  lengthening  of  the  embryo 
(to  which,  perhaps,  the  endoderm  and  ectoderm,  which  at 
this  period  only  follow  passively  the  movements  of  the 
germinal  streaks,  would  offer  too  much  resistance)  ;  the 
streaks  seek  to  meet  the  increasing  need  of  space  by  leaving 
their  lateral  symmetrical  positions  and  placing  themselves  on 
the  convexity  of  the  ventral  surface,  about  a  radius  of 
curvature  which  constantly  becomes  smaller ;  at  the  same 
time  their  points  of  origin,  that  is  to  say,  the  two  large  cells, 
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)  vaovei  more  on  to  the  back  and  towards  the  oral 
extremity,  in  such  a  way  that,  in  aome  sections  through  the 
{KMterioT  portion  of  the  embryo,  the  transverse  sections  of 
Uw  two  Btreaks  are  found  at  the  lower  part  and  at  the  upper 
part  the  two  large  cells,  together  with  the  last  part  of  the 
strmka  (PI.  IX,  fig.  li£).  Leaving  this  point,  on  tJie  dorsal 
tutfaee,  the  germinal  streaks  descend  abruptly  downwards, 
embracing  a  somewhat  triangular  space  at  the  top  of  the 
poeterior  extremity,  and,  having  reached  the  ventral  surface, 
approach,  with  their  convexities,  both  each  other  and  the 
mMian  line,  without,  however,  adhering  or  coming  into 
multul  contact.  Figs.  11,  12,  13,  and  14  of  PI.  IX  make 
this  process  of  displacement  quite  clear.  Thus  approximated 
lo  one  another  the  germinal  streaks  stretch  along  the  ventral 
ntrfftce,  but  at  the  anterior  part  of  the  embryo  they  again 
Kpftnte,  and  arching  over  the  lateral  surfaces,  ascend  on  the 
bwk  to  join  in  the  cephalic  commissure. 

Besides  this  displacement,  the  development  of  the  germinal 
•tmk>  must  cause  gradually  an  alteration  in  the  general 
lonn  of  the  embryo,  and  the  more  so  since  the  streaks  grow, 
not  only  m  length,  but  also  in  width  and  depth.  Hence  the 
timnsvtrse  section  of  the  body  loBes  its  lens  shape  and  be- 
anBM  circular,  then  the  ventral  surface  becomes  more  and 
■Mr*  convex,  and  the  anterior  and  posterior  ends,  curving 
lowanlk  the  dorsal  surface,  this  becomes  depressed  and  con- 
cave, *o  that  the  embryo  assumes  a  kidney  or  bean  shape. 

Turning  to  the  development  of  the  cephalic  germinal 
flU«ak,  we  find  the  mesoderm  separated  completely  from  the 
ectodenn,  consisting  of  a  mass  of  small  roundish  cells,  which 
fills  completely  the  space  between  the  ascending  external 
UntUia  and  the  descending  inflexion  of  the  fold  of  ectoderm. 
Some  line  later  two  narrow  fissures  appear  in  the  lateral 
Tcgiou  of  ibis  mass  of  mesoderm,  then  enlarge  towards  the 
iwiriian  dorsal  line,  where  they  then  unite  with  one  another, 
ihiu  spUtting  the  mesoderm  into  two  concentric  layers,  one 
external  and  one  internal.  But  as  the  split  begins  nearer 
tbeexienial  surface  than  the  surface  boundingthe  (Esophagus, 
tbc  layen  are,  from  the  beginning,  of  unequal  thickness;  the 
external  consists  nearly  everywhere  of  a  single  layer  of  cells, 
while  tfa«  inirmal  has  two  or  three  layers.  The  first  adapts 
itself  to  the  external  wall  of  the  cephalic  ring,  the  second 
jntna  itaelf  to  the  oral  epithelium. 

The  apUiting  of  the  mesoderm  in  the  cephalic  germinal 
slT««k  ia  followed  by  an  analogous  process  in  the  ventral 
germinal  streak*,  lieginning  from  the  front  and  progressing 
— idiully    towoi^B   the   posterior   end.       About   this  |nos( 
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important  events  on  which  is  in  great  part  founded  the  typical 
structure  of  the  body  both  of  Annelids  and  Vertebrates,  I 
shall  only  say  a  few  words,  because  I  do  not  wish  to  enter 
here  into  the  consideration  of  the  particulars  of  histogenesis  ; 
I  do  not  know  how  to  do  better  than  to  repeat  the  beautiful 
and  most^  exact  explanation  given  by  Kowalewsky  of  the 
process  in  Euazes  and  Lumbricus  ruhellua. 

In  L.  trapezoides,  as  in  the  above-named  Oligochseta,  the 
successive  division  of  the  mesodermic  cords  into  segments  as 
primitive  zoonites  precedes  the  splitting  of   the  mesoderm. 
It  appears  that  this  division  happens  in  L,  trapezoides  at  a 
little  later  period  than  in  the  other  species^  because  when,  the 
first  traces  of  it  can  be  discerned,  when,  that  is  to  say,  the 
finest  transverse  lines  of  demarcation  appear  between  suc- 
cessive portions  of  the  mesodermic  cords,  these  are  already 
very  thick  and  contain  two,  three,  and  more  layers  of  cells ; 
the  space  which  divides  the  streaks  in  the  median  ventral 
line  is,  on  the  contrary,  still  very  wide.     Hence  are  formed 
two   parallel    rows   of    transversely   elongated,  rectangular 
plates.     Afterwards  each  plate  becomes  split  by  a  horizontal 
fissure,  so  that  the  mesoderm  is  divided  into  two  unequal 
lamina,  of  which,  unlike  what  we  have  noticed  in  the  split- 
ting of  the  cephalic  germinal  streak,  the  external  is  much 
thicker  than  the  internal,  which  only  consists  of  a  single 
layer  of  cells  (PI.  IX,  iig.  13).     And  as  the  splitting  does  not 
pass  beyond  the  limits  of  the  primitive  zoonite,  nor  reach  to 
its  boundary  line,  the  cavity  remains  surrounded  on  all  sides 
by  mesoderm   cells;  each   primitive   zoonite  is   transformed 
into  a  compartment,  or   rather,  into  a  four-sided   prismatic 
case,  with  a  central  cavity  whose  external  wall  is  thickened, 
while   tlie  internal  consists  of  a  single  layer  ol  cells.     The 
anterior  vertical  wall  of  each  compartment  adheres  firmly  to 
the  posterior  wall  of  the   segment  in   front  of  it,  and  thus 
ale  formed  the  septa,  stretched  between  the  body-wall  and 
the  intestine.     They  are  thus  at  first  each  composed  of  two 
layers  belonging  to  two   adjoining  zoonites;  then,  in  conse- 
quence of  the  strong  tension  which  they  have  to  sustain,  the 
cells   group   themselves  into  a  simple,  very  thin  membrane, 
which  is  not  placed  vertically  to  the  long  axis  of  the  embryo, 
hut  goes  obliquely  from  behind  forw^ards.     Hence,  in  almost 
all  perfectly  vertical  transverse  sections,  are  seen  on  each  side 
two  separate  cavities;  the  ventral  is  the  posterior  part  of  a 
segment  and  the  dorsal  the   anterior  part  of  the  following 
segment;  the  row  of  cells  which  divides  them  is  the  oblique 
section  of  the  septum.     Not  rarely  two  cavities  are  formed  in 
the  same  primitive  compartment,  but  they  soon  unite.  Later, 
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the  septa  becomo  perforated  in  many  points,  the  cavities  of 
the  pnmitive  sumites  communicate  tteely  and  form  together 
the  gcnrrxl  "  somatic"  or  "  body"  cftvity. 

Of  tht^  horizontal  wnlU  of  ench  zoiniite  the  external  la 
pUoetl  beneath  the  ectoderm,  the  iuteriifil  cjicircles  the  epi- 
theliam  of  the  digestive  cavity.  The  external  Uyer  resulting 
from  the  splitting  of  the  tneaoderm  is  called  the  somatic 
iMmiDit,  the  inner  the  splanchnic  Inmina;  their  origin  and 
tbc  paui  they  play  in  the  formation  of  the  body  leave  no 
doubt  of  their  homology  with  the  layers  of  vertebrates,  dis- 
tinguished by  vhe  old  and  somewhat  inappropriate  terms 
fibro-i'utuneous  (HsHt-fa$er-blatt}and  libro-inleslinal  (Darm- 
fuvi-bUtt}.  This  ii*  an  agreement  of  the  highest  iheorelicnl 
intportatice,  because  the  analogy  in  the  development  of  the 
primitive  zoonites,  of  the  somatic  cavity,  and  of  the  somatic 
and  splanchnic  laminee,  shows  with  surprising  clearness  the 
close  relation  between  the  vertebrates  and  annelids. 

Now,  it  in  clear  that  the  differentiation  of  ihe  cephalic 
grrtuinal  streak  is  essentially  the  same  as  that  of  the  ven- 
tral f;ernuual  slrcaks,  and  differs  only  in  points  of  secondary 
ugDificance.  The  head  cavityis  formed  by  the  fusion  of  two 
laterml  fissures,  which  divide  the  mesoderm  into  a  somatic 
ondtpUnchnic  Uminn.  But  while  the  zounites  of  the  trunk 
grtwnily  embrace  the  whole  circumference  of  the  trunk  and 
t  io  the  dorsal  median  line  to  form  perfect  rings,  the 
taiio  zoonite,  which  from  the  first  is  placed  above  the  oral 
,  is  unable  to  complete  itsetf  in  the  same  way,  because, 
a  its  latcr»l  branches  direct  themselves  downwards  and 
wards  towards  the  ventral  surface  they  meet  ihc  first 
t  the  trunk,  and  hence  the  cavities  of  this  zoonite  and 
ead  unite.  The  anterior  end  of  the  head  segment 
■  more  and  more  prominent,  and  is  transformed  into 
Dilnciil  process,  the  upper  lip — a  kind  of  proboscis. 
>  evident  hi  the  lirHt  view,  from  the  rhronulogicul  order 
I  the  foraiation  of  the  primitive  segments  and  the 
of  the  mesoblost  tiikes  place,  that  the  sogmen- 
^ns  in  front  and  gradually  proceeds  bttckwanls. 
I  n  still  necessary  to  kno^v  whether  the  first  zoonite 
t  trunk  ur  the  cephalic  zoonite  is  the  first  formed, 
i  Semper  has  attributed  great  importance  and  a 
entnl  si^'niticauce  in  the  morphology  of  all  arlicn- 
i  anitnaU  to  the  fact  that,  in  the  development  of  vcrte- 
DihciJTganir  mnliiplication  of  the  Naidie,  certain 
'  tfao  htwd  appear  Uier  ihan  those  of  the  body.' 
[■tion  of  ihU  point  is  not  easy  io  the  embryos 
'  Loc.cil. 
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of  L.  trajfitmtdat,  baotOM  the  great  curvature  of  the  ante- 
rior and  of  tko  Wtijt  would  easily  conceal  the  existence  of  a 
TOry  nUTOW  fiutire,  Notwithstanding  this,  I  am  convinced 
tlut  tho  iplitting  of  the  meeoderm  appea.rB  first  in  the 
oephklio  germiiwl  ttrekk ;  that,  namely,  the  cephalic  segment 
il  the  fint  fanned,  although  the  first  segmeut  of  the  trunk 
{■  fitnned  nmAj  at  the  nme  lime. 

nie  etlUludiiiio  layer  of  the  omihalic  ring,  which  at  first 
ooren  wly  the  apper  tide  of  the  buccal  fossa  and  cesophagua 
wl^  a  thick  layer  of  meeoderm,  extends  gradually  its  lateral 
parte  towarda  the  oentral  surface,  and  embraces  the  ingestive 
aperture  completely.  Thea  certain  cells  of  its  deeper  layer 
he^  to  migrate  into  the  inflected  ectoderm  which 
dirthea  the  cavity  of  the  head  tntestinej  making  their 
way  hetwera  the  base*  of  the  epithelial  cells  and  slightly 
riiilng  dwm  (PI.U>figa.  19S,«,rf,»,ll4>  Xbfe  praeaat 
bajpM  alio  from  the  denial  aide,  and  mda  in  the  ftmatfiM 
of  atrong  and  thick  walla  fbr  tho  head  lntMliiM>  whidi  by 
thdr  orttin  belong  to  the  splanohnio  layer  ttf  dw  meaoderm, 
fbim  whieh  they  beoome  diathietly  divided.  Th»  epldidiiim 
beoomea  reduoed  to  athin  almoateotiealarmembiaM^iridA 
in  the  adult  ataie  littee  the  mouth  and  «BMphaguet 
end  «  UM  ■ 


Thtu,  the  walla  at  the  in^tfTe  end  t-  „. ^ 

oanal,  at  three  auecesuTe  perioda  of  embryimio  Hfo,  have  a 
structure  different  .both  in  form  and  in  the  ot^d  of  the 
material ;  at  first  they  are  formed  of  endoderm,  this  then 
becomes  pushed  away  and  replaced  by  an  inflection  of 
the  external  covering  of  the  body,  and,  lastly,  they  consist 
nearly  entirely  of  mesodermic  tissues,  the  ectodermic  epithe- 
lium being  reduced  to  a  thin  layer  of  cells  fused  with  them. 

It  is  probable  that  the  transformations  of  the  splanchnic 
laminse  in  the  oesophageal  tube  may  correspond  in  some 
way  with  what  Semper  interprets  in  the  development  of 
the  head  intestine  in  NaU  and  Chatogaaier  as  the  forma- 
tion of  true  branchial  slits,  homologous  with  those  of  Ver> 
tebrates,  which  then  become  converted  into  part  of  the 
oesophageal  walls.'. 

Of  canals  and  external  orifices  I  have  found  no  sign 
in  Lumbricua,  and  I  have  found  nothing  resembling  the 
branchial  apparatus  of  Semper,  unless  it  is  the  above-men- 
tioned passage  of  a  part  of  the  splanchnic  lamina  of  the 
cephalic  germinal  streak  into  the  walls  of  the  head  in- 
testine. 

During  the  time  of  greatest  activity  of  the  mesoderm,  unUl 
a  considerable  number  of  segments  are  formed,  the  other  two 
*  Loo.  oit. 
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layen  keep  their  primitiTe  state  nearly  unaltered.  The  en- 
doderm  fhovrs  no  other  change  than  the  enlargement  of  its 
celli  filled  nith  numerous  granules  of  dense  albumen,  and 
the  displacement  of  their  Email  oval  nuclei  towards  the  free 
surface.  The  reproductive  activity  of  the  ectoderm  appears 
to  be  confined  to  the  production  of  the  secondary  epithelium 
of  thf  head  intestine ;  in  its  other  parts  the  cells  become 
very  much  more  stretched  out  into  thin  plates  by  the  in- 
creasing internal  pressure,  which  is  greatest  on  the  dorsal 
surface,  where  they  become  so  thin  that  it  is  sometimes 
difficult  to  recognise  them.  They  retain,  however,  their 
ooclei,  placed  in  small  thickenings,  which  project  inwards, 
taking  advantage  of  the  less  resistance  at  the  lines  of  separa- 
tion c^  the  endoderm  cells. 

But  when  the  anterior  zoonites  are  marked  out,  the 
ectodeno  resumes  its  reproductive  nclivity,  the  first  and 
ooct  important  result  being  the  formation  of  the  central 
ii«rTOua  apparatus. 

Development  of  the  Cephalic  Ganglion. 
Theinreatigationof  thefirst  stages  of  the  developmentof  the 
■upra-(i>ao(ihageBl  or  cephalic  ganglion  is  rendered  specially 
difficult  by  the  rudiment  being  situated  on  a  strongly 
caned  projection.  In  investigating  the  difierentations  in  a 
very  small  space,  and  of  a  tissue  composed  of  very  small 
cells,  only  tne  very  thinnest  possible  sections  are  of  use, 
which,  to  render  the  relations  of  the  surrounding  parts  in- 
telltftible,  must  pass  exactly  at  a  right  angle  through  one  of 
the  principal  axes  of  the  rudiment,  a  condition  which  cnn 
only  be  obtained  by  chance  in  transverse  sections;  in 
ioi^ittuiinai  sections  the  median  one  is  vertical,  but  all 
the  DthoTS  are  necessarily  oblique  ;  this  is  even  more  the  case 
vith  iorixMt(al  Motions.  But  since  there  is  no  other  method 
«f  mearch,  I  have  made  sections  in  all  directions ;  by 
aomhiniag  the  sections  of  a  series  with  one  another,  and 

ritb  Ihote  of  other  series  made  in  different  directions,  I 
ink  1  bare  formed  a  fairly  precise  conception  of  the  way  in 

^.Bcb  tli«  cephalic  ganglion  is  formed. 

'  Tig.  a,  PI.  X,  represents  the  anterior  part  of  the  exactly 
mediui  »prtion  of  a  longitudinal  series,  made  from  an  embryo 
of  about  l)'4  mm.  in  length.  The  structure  of  the  cephalic 
nng,  alnmdy  dnciibed,  is  easily  recognised ;  the  head  cavity, 
Uoed  by  the  Urge  spl.anchnic  lamina  {Up)  and  by  the  so- 
nutic  Umina  (Uo),  here  reduced  to  a  very  thin  layer  of  ftisi- 
farm  cells.  The  ciliated  epithelium  of  the  mouth  (fo)  is 
folded  lowudi  the  external  dotsal  stufaco,  where  it  become* 
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continuous  with  the  ectoderm^  the  cells  of  which  are  cylin- 
drical on  the  edge  of  the  projection,  but  on  the  dorsal  surface 
from  their  plates,  which  appear  fusiform  in  section.  But 
what  has  lately  happened  is  that  for  a  small  space  the  ecto- 
derm has  become  thickened ;  it  consists  here  of  two  sets  of 
cells,  while  a  short  time  before  it  was  everywhere  composed 
of  a  single  layer.  The  cells  of  this  thickening  (ffc)  are  not, 
however,  arranged  in  distinct  layers,  but  are  closely  united 
into  a  single  mass ;  it  is  exactly  and  clearly  limited  by  the 
somatic  lamina.  The  unfigured  sections  of  the  same  series, 
which  are  immediately  to  the  right  and  left  of  the  one  de- 
scribed, show  the  same  characters,  with  the  difference  only 
that  the  number  of  cells  composing  the  thickening  is  smaller; 
the  same  is  observed  also  in  the  following  sections  on  each 
side,  although  these  are  very  oblique.  In  the  sections  still 
more  to  the  sides  the  thickening  disappears  altogether,  and 
the  ectoderm  becomes  again  unicellular. 

Examining  now  the  head  end  of  a  slightly  more  developed 
embryo  by  means  of  transverse  sections,  we  see  in  the  first 
(PI.  X,  fig.  20  a),  which  passes  only  through  the  semilunar 
projection  of  the  cephalic  zoonite,  a  group  of  small  cells 
{ffc),  rather  thinned  in  the  middle,  completely  separated  from 
the  mesoderm,  which  is  here  in  an  abnormally  retarded  state 
of  development,  not  being  yet  split  in  the  median  line,  and 
beginning  to  separate  itself  from  the  superficial  layer  of 
ectoderm.  The  section  immediately  following  this  (fig.  20  h) 
shows  how  these  cells  pass  directly  into  a  very  conspicuou 
enlargement  of  the  ectoderm  in  the  median  dorsal  line,  which 
here  is  composed  of  as  many  as  four  layers  of  cells.  In  the 
third  (fig.  20  c)  the  thickening  of  the  ectoderm,  although 
diminished  in  the  median  line,  is  increased  at  the  sides, 
where  it  descends  for  a  good  distance  towards  the  ventral 
surface,  becoming  gradually  thinner,  and  ai  last  unicellular. 
This  is  shown  best  in  the  left  side  of  the  figure,  the  section 
being  a  little  oblique.  In  the  fourth  section  the  ectodermic 
thickening  may  be  still  seen,  though  it  is  much  diminished. 
In  the  following  sections  it  exists  no  longer. 

The  series  shown  in  figs.  19  a,  Z>,  c,  d,  is  taken  from  a  still 
more  developed  embryo.  In  the  first  section  (fig.  19  a)  the 
thickening  of  tlie  ectoderm  embraces,  in  the  form  of  a  half 
circle,  the  superior  convex  part  of  the  cavity  of  the  head  [cc)^ 
from  which,  however,  it  is  separated  by  the  thin  membranous 
somatic  lamina  (Iso),  On  the  external  surface  of  tlie  thick- 
ening a  single  layer  of  Hat  pavement-cells  {ec)  is  separated 
from  the  internal  mass,  composed  of  roundish  cells  with  re- 
latively very  large  nuclei;  in  other  words,  the  rudiment  of 
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n  new  organ,  the  "cephalic  medullary  plate,"  has  become 
sepaialed  from  the  penphcml  ectoderm,  ivhich  once  more 
forms  a  unicellular  covering.  Fig.  20  i  shows  the  same 
arraagement  nearly  uualtereii ;  but  in  the  third  section 
(fig.  20  e),  instead  of  a  continuous  semicircular  thickening, 
tbere  ate  two  large  projeclions  of  ectoderm  (gc),  whidi 
thmst  themselves  into  the  cephalic  cavity,  separated  from 
each  otlier  by  a  largish  tract  of  simple  ectoderm. 

These  projections  are  still  more  conspicious  in  fig.  SO  rf. 
At  the  Tentral  side  are  seen  in  the  last  section  two  eleva< 
doQs,  formed  of  small  cells  very  like  those  of  the  rudiment 
of  tb«  cephalic  ganglion,  and  separated  from  each  other  hy  a 
farrow,  whosf  floor  is  formed  of  ciliated  cells  (m).  This  is 
the  section  of  the  rudiment  of  the  first  ganglion  of  the  ven- 
ttml  chain.  It  is  important  to  notice  that  there  is  no  con- 
nection between  this  and  the  dorsal  thickening  {gc).  lu 
ibe  three  following  sections  the  last  are  still  recognisable 
although  much  reduced ;  further  back  they  are  altogether 
■beent.  Fig.  91  a,  h,  c,  d,  are  longitudinal  horizontal  sec- 
tiooa  of  an  embryo  06  mm.  in  length;  21  a  is  the  fifth  of 
tbe  MricB,  going  from  the  ventral  to  the  dorsal  surfaces.  It 
i*  to  be  understood  that  when  the  embyro  is  placed  horizon- 
tallf  the  first  sections  pass  through  the  very  prominent  belly 
wilhoat  touching  the  mouth  or  head  end.  The  section  is 
not  perfectly  at  right  angles  to  the  vertical  axis,  but  has 
fallen  with  its  left  side  nearer  (be  ventral  surface  than  the 
li^hl,  honco  the  difference.  On  the  left  side  the  ectoderm 
appears  thickened,  and  this  is  the  section  of  the  longitudinal 
Trntral  chain  of  ganglia  (n) ;  on  the  right  side  and  in  front 
the  ectoderm  consists  of  a  single  layer  of  pavemeiit'cclls 
(ee).  In  the  segment  which  comes  next  ('i\  b)  the  ectoderm 
cdia  on  the  npex  of  the  head  have  become  long  and  cylin- 
diieal,  bat  are  still  placed  in  a  single  layer.  A  little  further 
back  tbe  ectoderm  shows  on  each  side  a  spindle-shaped 
■wellinit  (j^c),  which  loses  itself  again  iu  the  unicellular 
layer  covering  the  body.  The  same  conditions  of  the  eclo- 
dena  arc  seen  likewise  in  the  seventh  and  eighth  sections, 
in  which  the  lateral  thickenings  are  still  larger.  But  in  the 
ninth  (fig.  i\  d)  the  cylindrical  epithelium  which  separated 
the  awcllingB  in  front  has  disappeared,  and  these  are  united 
by  a  largish  commissure ;  they  form  together  an  arch  em- 
bncing  tbe  cephalic  extremity.  Finally,  in  the  tenth  sec- 
,  811  no  further  trace  of  the  lateral  thickL-uing! 
i  ectoderm  is,  on  tbe  contrary,  much  thickened  in 
"ine. 
comparative  combination  of  these  sections  will  be 
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enough  to  give  a  clear  idea  of  the  way  in  which  the  rudi- 
ment of  the  cephalic  ganglion  is  developed.  In  the  first 
place^  it  is  clear  that  it  originates  in  the  ectoderm^  and  in 
the  ectoderm  alone.  In  a  narrow  transverse  tracts  close  to 
the  apex  of  the  head^  the  cells  of  the  simple  layer  of  ecto- 
derm divide^  and  group  themselves  into  the  form  of  a  short 
and  slightly  curved  arch.  This,  increasing  in  thickness  and 
becoming  distinctly  separated  from  the  peripheral  layer  of  the 
ectoderm^  extends  along  the  lateral  walls  of  the  cephalic 
loonite^  but  still  more  behind^  where  it  ends  on  each 
side  in  a  conspicuous  club-shaped  enlargement;  it  thus 
assumes  a  shape  which  may  be  compared  to  a  hernia- 
truss  with  a  cushion  on  each  side^  which  embraces  the 
upper  half  of  the  cephalic  cavity  and  of  the  oesophagus, 
being  directed  obliquely  from  above  downwards  and  from 
behind  forwards.  From  the  beginning  till  it  has  reached  a 
considerable  development  the  rudiment  of  the  cephalic 
ganglion  is  without  any  connection  with  the  ganglia  of  the 
ventral  chain. 

I  confess  that  I  expected  something  different.  The  nature 
of  the  adult  organ,  the  mode  of  formation  of  the  ventral  gan- 
gliHted  cord»  and  more  general  considerations^  led  to  the 
antici nation  of  a  double  rudiment  as  the  first  sign  of  the 
central  nervous  apjKiratus  of  the  head.  But,  on  the  other 
hrtiiil,  mv  observations  Uijree  with  what  was  before  known  of 
the  dovolopmont  of  the  cerebral  ganglion  of  the  Hirudinea. 
This  only  consists,  it  is  true,  of  a  short  notice  by  Rathke  for 
y<'phiiis,  iuivi  of  a  still  shorter  one  by  Leuckart  for  Hirudo 
rht-Mci^isilis.  l\:\tlike  ariirnis  that  the  ruiliment  of  the  cere- 
bral gait^lion  is  an  arch  placed  on  the  upper  side  of  the 
ivsophaiius.  \>i:hou:  connective  with  the  ventral  germinal 
streak,'  l.ciukart  a'.so  savs  that  the  formation  of  this  organ 
occuis»  iixdc|>ciulc:i:Iy  of  ihe  germinal  streak,  by  the  appear- 
anvv  of  a  cvlinlar  Cv^rc.,  which  embraces  the  buccal  aperture 
and  adapts  xtsc'f  to  the  ar.terior  ends  of  the  streak,  without 
at  tust  uuitiiiij  wi:h  it.  He  further  adds  that,  in  a  subse- 
\jncut  sta4:>\  tN>o  lateral  swellings  are  found  united  by  means 
of  a  p\ctt>  latiiv  vV!n:i:issure,  K>:h  to  each  other  and  to  the 
antcwoi  ptwcsscs  of  the  !tr:>:  ventral  g-angliou.-  These  short 
nv^t\ctNS»  >xhvch  vu^  no:  take  acvvun:  of  the  embrvonic  layers, 
a\c  not  fvnind^\l  on  iii\vs:ig^.i:ious  carried  out  by  means  of 
»cct\ou!»»  and  aix^  i.o:  ;l'us:r;i:evi   by   any   figures,  certainly 

^  \sv    0;!.  ;-..    t.^.   >;      Kcctrr:^   Bu^scili  has  upheld  the  truth  of 
*  *  l>^*  tt»wix\L«v:xc;i  IVj^'.c::::/  I.  u  L<ii4i*  iizd  Hciddbcnr,  1S63. 
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•t  have  much  authority.  They  are  open  to  the  greatest 
Tonely  of  interpretations  and  objections^  but  it  is  a  little  too 
much  when  Semper,  taking  advantage  of  an  easily  explicable 
int-xaetness  of  expression  in  Leuckart'a  notice,  twists  it  in  an 
extrav^aiit  manner  to  make  it  &t  his  own  observations  and 
•peculations.  In  fact,  the  mode  of  formation  of  the  ccsopha- 
gnl  collar,  which  Semper  thinks  typical  for  all  the  Anna- 
lain,  is  cot  consistent  either  with  the  observations  of  Riithke 
and  Leuckart  on  the  Hirudinea,  nor  with  my  own  on 
Lumbricu*. 

During  the  gemmation  of  the  NaidiC,  according  to  the 
abore-^uoted  observer,  the  ventral  germinal  streak  in  the 
cephalic  eone  splits  into  two  pa.rte,  which  grow  up  on  the 
lateral  walls  of  the  nesophagus,  arching  over  towards  one 
another  on  the  dorsal  surface.  As  soon  as  they  have  era- 
brftcvd  the  intestine  a  portion  of  them  separates  itself  to  form 
the  commissure  and  the  ganglionic  substance  of  the  brain ; 
the  two  halves  of  the  supra- a'sophageal  ganglion  thus 
fbrmcd  then  fuse  to  one  another  in  the  median  dorsal  line. 
ThU  ponioQ  of  the  (esophageal  collar  is  derived  from  the 
nesodtftm.  But  then  the  ectoderm  developes  to  the  right 
and  left  a  kind  of  bud,  which  Semper  calls  "  Sinnesplatte," 
because  in  it  is  formed  the  eye  of  the  Naidse,  wnich  is 
directed  towards  the  dorsal  surface,  where  it  enters  into  the 
compoaition  of  the  sunra-cesophageal  ganglion.  Hence  the 
intira  oesophageal  collar  would  be  a  product  of  the  ventral 
cemioal  streak,  together  with  two  lateral  buds  of  the  eeto- 
aerm,  without  the  intervention  of  a  dorsal  medullary  plate, 
wid  thus  would  be  an  organ  heterogeneous,  even  in  its  essential 
p«rta,  being  derived  as  much  from  the  mesoderm  as  from  the 
ectoderm.^  I  have  no  observations  of  my  own  on  the 
derelopment  of  this  organ  in  the  agamic  generation  of  the 
Kudvtbut  I  know  that  in  a  gruiipof  animals,  closely  related 
to  tbcAe,  the  embiyonic  development  proceeds  in  quite  a 
dtftrent  manner.  In  Lumhnctis  the  first  rudiment  of  the 
OMfphageal  collar  is  a  dorsal  medullary  plate,  which  arises 
hidependendy  of  ihc  ventral  chain  and  exclusively  from  the 
ododenn.  1  do  not  know  what  forms  the  sensitive  plates  of 
SempcTj  aince  it  docs  not  appear  justifiable  to  identify  them 
with  the  terminal  enlargements  of  the  medullary  plate. 

Lastly,  Hatschek,  in  opposition  to  Semper,  describes  the 
abir  very  differently,  lie  snys:  "The  first  rudiment  of 
the  ocrroui  system  i*  found  in  Ijumhrims  in  those  embrjoa 
in  which  the  foremost  segmenCs  are  developing  the  seg- 
nenlal  organs.     It  appears  as  a  thickening  of  the  ectodenn 

*  Lm.  dl.,  pp.  300,  dlO,  tod  «Uo«li«re. 
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in  front  of  the  oral  margin  (Scheitelplatte).  Soon  two 
filamentous  thickenings  of  the  ectoderm  begin  to  extend 
themselves  from  the  lateral  regions  of  the  Scheitelplatte 
backwards  along  the  sides  of  the  mouth  into  the  neighbour- 
ing segments^  where  they  lie  on  either  side  of  the  middle 
line.'^i 

I  should  agree  with  this  as  regards  the  fact  that  a  dorsal 

flate  arises  before  any  other  part  of  the  central  apparatus  if 
were  capable  of  forming  a  clear  idea  of  what  the  author 
intends  to  express  by  these  words,  and  if  I  were  convinced 
that  he  really  has  observed  the  first  stages.  But  the 
assertion  that  the  ventral  medulla  is  produced  from  two 
prolongations  of  the  cephalic  ganglion  I  believe  to  be 
entirely  erroneous  if  the  probability  be  admitted  that,  in  two 
species  of  the  same  genus,  the  principal  organs  would  be 
formed  in  the  same  way. 

A  few  words  on  the  further  transformations  of  the  dorsal 
medullary  plate.  The  whole  rudiment  separates  at  once 
from  the  ectoderm,  and  becomes  enveloped  in  a  sheath  of  the 
somatic  lamina.  From  the  anterior  median  part  of  the  arch 
start  two  prolongations,  which  enter  the  upper  lip,  where 
they  appear  to  become  confounded  again  with  the  ectoderm, 
which  here  is  transformed  into  sensitive  epithelium.  In 
like  manner,  the  opposite  side  of  the  rudiment  sends  out 
processes  directed  backward,  which  are  broader  and  longer 
tlian  the  anterior.  Thus,  the  cephalic  ganglion  seen  from 
above  appears  to  consist  of  two  pear-shaped  halves  broadly 
joined  in  tbc  middle.  The  two  lateral  projections  which 
form  the  dilated  extremities  of  the  arch,  also  separated  from 
the  ectoderm,  extend  gradually  as  much  upwards  as  down- 
wards, and  unite  principally  with  the  median  arch  of  tlie 
medullary  plato.  In  transverse  sections  this  is  seen  to 
embrace  already  more  than  half  the  oesophagus.  In  the 
median  dorsal  line  is  seen  a  deep  impression  where  the 
dorsal  blood-vessel  is  placed  ;  the  margins  of  this  groove  rise 
a  little,  and  these  bendings  descend  nearly  vertically  towards 
the  ventral  surface,  where  they  end  in  very  fine  extremities 
without  joining  the  ventral  chain.  I  do  not  wish  here  to 
enter  into  the  description  of  histological  differentiations;  I 
will  onlv  say  that  the  transverse  commissure  which  connects 
tbe  two  halves  of  the  arch  appears  in  this  stage,  and  is  the 
first  to  arise.  All  tbe  cells  on  tbe  ventral  face  become  trans- 
formed into  a  finely  granular  substance,  while  at  the  sides 

'  •'  BeitragezurEntwicklungsgescbichte  uud MorDhologie  der  Anneliden," 
'Siljtuugsbcrichte  der  xVkadeime  der  Wissenschatten  in  Wien,*  T.  ixxiv, 
1876,  p.  1. 
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ind  kboTe  a  thick  layer  of  gnngliotiit  celU  remnins.  As  tlie 
extremities  vf  ilie  arch  descend,  these  commissural  cords 
lenKiheii  proporlionately,  and  the  ganglionic  cells  an  iheir 
exteniKl  sides  become  scarcer,  so  tiuit  it  may  be  said  that  the 
(SKiphagus  is  not  embraced  by  the  entire  ganglion,  but  rather 
by  the  elongated  branches  of  the  commissure.  These 
brancbea  must  tliemBelvea  descend  to  the  ventral  wall  to 
ineel  the  6r8t  ganglion  of  the  ventral  chain,  for  I  have  never 
seen  prolongations  directed  upn-ards  from  the  latter.  But 
the  investigation  of  this  point  i»  eatremely  ditKcult,  since 
the  lateral  parts  of  the  collar  are  very  closely  enveloped  by 
the  mesoderm,  nhose  cells  resemble  so  closely  those  of  the 
Denrous  ring  that  it  is  not  easy  to  distinguish  them  with 
auctae»».  Hence  I  cannot  say  definitely  that  mesoderm 
ceitt  do  not  at  this  time  enter  the  lower  extremities  of  the 
collsr  (this  applies  only  to  the  lower  extremities,  since  all  the 
remunder  is  clearly  separated  from  the  middle  layer)  to  take 
part  in  the  formation  of  the  commissure,  but  it  would  be 
ftill  leu  possible  to  prove  that  they  do  so,  and  I  think  it  is 
■ott  improbable.  When,  at  a  relatively  very  late  period,  the 
dafioitc  union  of  the  cerebral  ganglion  with  the  first  ganglion 
rf  the  veoiral  chain  takes  place,  this  first  ganglion,  as  well 
II  tbow  following,  possesses  a  well-developed  commissural 
tmk  with  whicli  the  cord  from  the  cephalic  ganglion 
■  to  be  directly  united. 


Th«  Dwelopmvni  of  the  Ventral  Chain  of  Ganglia. 
1  began  the  account  of  the  development  of  the  central 
omoBS  Apparatus  with  the  cephalic  ganglion,  because,  even  if 
■lisuijBfl  I  believe,  the  first  part  formed,  it  certainly  appears 
(t  Uut  conteroporaneously  with  the  earliest  traces  of  the 
Witnl  chain.  Il  Is  known  that  the  development  of  the 
iKIn  progresses  from  before  backwards,  but  its  first  rudi- 
■on  extends  rapidly  along  the  whole  length  of  the  embryo, 
■  fcr  u  the  caudal  extremity.  On  the  other  hand,  the 
Kpnstion  of  the  individual  ganglia  and  their  histological 
Jmlinnent  takes  place  gradually,  and  much  later  in  the 
tMmof  than  in  the  anterior  part ;  while  the  first  ganglia 
m  slivady  attained  a  state  of  great  perfection,  those  fur- 
tWtbwk  exhibit  all  imaginable  gradations,  till  we  reach  the 
CM^n'oG  of  the  undifferentiated  rudiment.  Hence,  for  the 
iBTntifatioD  of  the  first  changes,  it  is  best  to  take  early  em- 
bryos; far  thai  of  the  following  stages  much  older  embryos 
a  very  well,  because  the  most  different  stages  of  deve- 
snt,  anit«d  by  the  minutest  gradations,  are  found  in  a 
nigk  iw&Tidiial. 

VOL.  XIX. KKW    SBB.  Q 
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When  the  mesoderm  of  the  germinal  streak  has  fused  in 
the  median  line^  the  ectoderm  is  still  divided  into  two 
lateral  sheets  by  the  narrow  band  of  ciliated  cells^  which  runs 
along  the  whole  ventral  surface.  The  cells  of  this  baud, 
besides  being  covered  with  vibratile  cilia,  are  clearly  distin- 
guished from  the  rest  of  the  ectoderm  by  their  transparent 
appearance^ their  granular  protoplasm  beingreplaced  toa  gpreat 
extent  by  a  very  transparent  substance,  and  reduced  to  a  fine 
network  radiating  from  the  large  nucleus^  and  a  condensed 
layer  on  the  side  which  bears  the  cilia.  These  cells  at  first 
project  and  form  a  low  crest,  but  afterwards  become  raised 
at  the  sides,  so  that  a  longitudinal  furrow  appears  between 
them,  which  I  shall  call  the  ventral  furrow. 

At  this  time  the  first  trace  of  the  developing  nervous  cord 
appears  as  two  thickenings  of  the  ectoderm,  immediately  on 
each  side  of  the  ventral  furrow.  These  are  still  so  little 
raised  that  it  is  impossible  to  detect  them  by  looking  at  the 
embryo  from  the  front ;  but  transverse  sections  show  that  one, 
two,  or  three  cells  have  been  newly  formed  in  the  ectoderm, 
and  are  placed  partly  among  and  partly  beneath  the  pre- 
existing cells.  There  can  be  no  doubt  as  to  their  origin,  for 
they  are  perfectly  separated  from  the  mesoderm,  while 
thev  are  united  into  a  single  mass  with  the  ectoderm,  from 
which  many  cells  show  the  most  evident  signs  of  being  in  a 
state  of  division.  Then,  at  each  side  of  the  groove,  one 
of  the  deep  cells  of  the  ectoderm  assumes  an  appearance 
rather  different  from  the  rest,  becoming  darker,  in  conse- 
quence of  the  condensation  of  its  protoplasm  ;  it  is  still 
further  marked  by  its  broader  and  more  distinct  outline,  an 
outline  which  the  other  ectodermic  cells  do  not  possess. 
The  two  cells  thus  distinguished,  separated  from  one  another 
by  the  epithelium  of  the  furrow,  are  the  first  stage  of  the 
ventral  cord.  Sometimes  it  appears  that  two  or  three 
ectoderm  cells  become  changed  at  the  same  time,  but  in 
general  the  process  begins  in  a  single  cell.  This,  however, 
divides  without  delay,  and  then  two  well-defined  groups  of 
two  or  three  cells  each  are  seen  in  the  transverse  section,  on 
either  side  of  the  ciliated  cells  (PI.  IX,  ^g,  14  n).  In  this 
way  are  developed  along  the  ventral  furrow  two  cords,  broad 
and  clearly  defined  in  front,  becoming  thinned  away  behind, 
where  they  finally  blend  with  the  primitive  ectoderm. 
Here  the  process  of  division  in  the  ectoderm  cells  continues, 
and  hence  the  prolongation  of  the  cords  is  principally 
effected  by  the  addition  of  freshly  separated  cells,  while  the 
increase  of  their  thickness  is  produced  by  means  of  the  cells 
already  transformed ;   it  is  not,  however,  impossible  that,  in 
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the  region  wbere  the  cords  are  already  distinctly  separated, 
umiP  adjacent  ectoderm  cells  may  assume  theii  specific 
characters  and  join  them. 

From  this  time  the  cells  of  the  neighbouring  borders  of  the 
C0T<18  forc«  ihemselves  under  the  furrow,  slightly  raising 
the  ciliated  cells.  They  approach  the  median  line,  and  there 
thow  of  the  two  sides  nnite  ;  thus,  the  two  primitive  lateral 
cortls  join  to  form  a  single  lamina,  which  I  shall  call  the 
ventm  medullary  plate,  and  soon  afterwards  its  cells  begin 
to  accumulate  at  certain  pointB,  producing  a  successive 
terica  of  zones,  alternately  alike  and  unlike.  This,  as 
well  u  what  follow!>,  will  be  best  explained  by  reference 
Co  successive  transverse  sections.  Only  perfectly  vertical 
sections  are  of  use ;  in  these  the  sections  of  the  lougitu- 
dinal  mnscolar  fibres  appear  as  circular  points 

In  ihi-  section  Hg.  ~5  a,  which,  together  with  25  b  and  2S  c, 
is  txken  from  the  tail  end  of  an  embryo  30  mm.  in  length, 
the  juQctioQ  of  the  cords  has  taken  place.  Beneath  the 
batlom  of  the  furrow  sn  the  medullary  plate  [n)  consists  of 
a  tingle  layer  of  cells,  but  is  raised  immediately  to  the  right 
and  left  into  two  parallel  crests,  which,  becoming  gradually 
lower  towards  the  sides,  terminate  in  a  thin  lamina.  The 
^»al  surface  of  the  plate  is  nearly  flat,  and  is  covered  by  a 
thin  layer  derived  from  the  somatic  lamina  [ho).  Thicken- 
togf  of  the  somatic  lamina  arc  seen  on  each  side  of  the  plate, 
ai^  between  them  and  the  ectoderm  the  rudiments  of  Uie 
muscular  plates  (ni) ;  above  the  medullary  plate,  projecting 
into  the  body  cavity,  is  the  ventral  blood-vessel  (c), attached 
to  the  splanchnic  lamina  (from  which  it  takes  its  origin], 
that  eorelopes  the  mid  gut(rn].  The  section  25  &,  which 
inmediatcly  follows  the  last,  shows  a  different  arrangement ; 
here  the  conspicuous  elevations  at  the  sides  of  the  furrow  are 
wantiDg,  and  the  medullary  plate  is  reduced  nearly  every- 
when  to  two  layers  of  cells ;  but  in  the  third  section  (fig. 
2A  •]  it  h&A  again  the  form  and  extension  which  it  had  in 
33  d.  Such  a  succession  of  thick  and  thin  zones  is  repeated 
aany  times,  with  the  difference,  however,  that  further  for- 
ward thu  size  of  the  thick  zones  is  greater,  so  that  they 
occupy  two  or  three  sections  instead  of  a  single  one,  and  the 
differences  between  the  zones  become  less  marked. 

On  examiniag  a  series  of  sections  taken  from  the  middle 
of  Ae  body  of  the  same  embryo,  the  first  thing  which  strikes 
oB«  ia  the  great  enlargement  of  the  medullary  plate,  which 
in  this  stage  has,  in  fact,  attained  its  largest  relative  dimcn- 
The  ventrnl  furrow  has  disappeared,  and  its  cells, 
ttill    recognisable,   hare    greatly   changed    their 
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appearance^  in  the  first  place  having  lost  their  vibratile  cilia. 
This  alteration  in  the  cells  of  the  furrow  takes  place  bit  by 
bit ;  in  the  same  embryo^  both  behind  and  in  front,  the  cells 
are  found  in  their  characteristic  form,  and  show  a  lively 
vibratile  movement.  I  thought  that  the  cells  might  perhaps 
transform  themselves  at  a  certain  time  to  take  part  in  the 
production  of  new  ones^  and  then  return  to  their  preceding 
state,  but  I  have  not  been  able  to  obtain  proofs  of  this.  It 
is  certain  that  they  have  no  relation  with  the  mesoderm 
cells,  which  are  found  here  for  the  first  time  interposed 
between  the  ectoderm  and  the  medullary  plate  (fig.  26  a, 
mes),  because  these  are  derived  from  the  somatic  lamina, 
which,  beginning  in  fronts  forces  itself  from  the  two  sides 
towards  the  median  line,  and  then  backwards,  separating  the 
rudiment  of  the  ventral  medulla  from  contact  with  the 
ectoderm. 

The  groove  in  the  medullary  plate,  sometimes  very  deep, 
which  divided  the  two  elevations  has  now  disappeared,  or 
become  reduced  to  a  very  small  impression.  The  edges  of 
the  furrow  do  not  become  united,  but,  on  the  contrary,  the 
fossa  becomes  wider  and  shallower  before  vanishing,  in  con- 
quence  of  the  increase  of  the  medullary  cells  placed  above 
its  floor.  The  cells  which  occupy  the  middle  portion  of  the 
plate  are  larger,  consist  of  clearer  protoplasm,  and  have  more 
precise  limits  than  those  placed  in  the  lateral  portions,  from 
which,  however,  they  are  not  in  any  way  separated.  In  the 
following  section  (26,  6),  the  nervous  plate  has  changed  its 
form  a  little,  its  sides  are  thickened  and  form  two  elevations 
on  the  dorsal  surface,  between  which  is  found  a  wide  and 
pretty  deep  furrow.  The  internal  structure  also  shews  some 
alterations,  the  greater  part  of  the  large  median  cells  being 
changed  and  aggregated  with  the  small  ones.  The  proto- 
plasm of  these  is  dense,  and  the  nuclei  fill  nearly  the  entire 
body  of  the  cell ;  they  are  placed  so  close  together  that  a 
high  power  and  great  attention  are  necessary  to  make  out 
their  boundaries ;  signs  of  division  are  frequent.  A  meso- 
dermic  sheath  everywhere  surrounds  the  medullary  plate. 

Further  in  front  (fig.  26  c)  the  rudiment  of  the  nervous 
chain  presents  a  new  form.  Till  now  its  lateral  wings 
were  elongated,  and  ended  in  very  sharp  points;  now  they 
are  rounded  in  such  a  way  that  their  section  is  kidney 
shaped.  The  histological  changes  met  with  here  are  more 
important.  In  the  dorsal  side  appear  two  small,  clear-look- 
ing, finely  granular  spots,  which  stain  feebly  with  hsema- 
toxylin.  They  have  not  distinct  limits,  but  lose  themselves 
n  the  surrounding  cells,  whose  outlines  become  little  by 
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Httle  leM  distinct ;  no  other  £bres  are  seen,  unless  faint  traces 
of  proloogatioos  of  the  adjacent  cells,  visible  with  a  higher 
power,  arc  regardci)  as  such.  These  are  the  rudiments  of 
the  fibrous  commissures.  Fig.  26  d  shows  the  plale  again 
ID  the  form  which  it  hitd  further  back,  but  the  granular  sub- 
utance  of  the  commissure,  which  encloses  some  nuclei,  is 
•till  more  compicuous  than  in  the  preceding  section,  and  the 
two  lateral  rudiments  are  fused  in  the  median  line  and  form 
the  bottom  of  the  dorsal  furrow.  The  sides  and  the  ventral 
portion  consist  of  a  continuous  pretty  thick  la)*er  of  cells. 

The  same  succession  of  such  alternate  zones  repeats  itself 
kj^io  several  times  in  the  backward  direction,  then  every 
tnxK  of  the  commissure  is  lost,  and  th«  medullary  plate  passes 
bj-  everj-  gmdaliou  to  the  state  of  fig-  25.  In  front  similar 
conditions  are  observed ;  here,  however,  every  section  shows 
the  presence  of  a  commissure  in  a  stage  of  very  much  more 
prrfccl  development. 

To  illuttmie  the  subsequent  changes  I  select  a  group 
of  sections  of  an  embryo  of  4-5  mm.  in  length  (PI.  Xt,  fig. 
H  a,  b,  c,rf,  •).  In  the  first  preparation  (27  a)  the  medullary 
plate  biu  •  shallow  impression  both  on  the  vi-ntral  and  dorsal 
curfiue.  The  cells  occupy  the  surface,  leaving  (he  median  part 
of  the  upper  side  free,  and  are  especially  accumulated  in  the 
lateral  processes ;  from  hero  they  are  continued  round  to 
the  iaferior  surface,  where  they  unite  and  penetrate  deeply 
iato  the  interior  of  the  plate,  so  that  this  again  appears  to 
be  divided  into  two  lateral  cords,  whose  centres  are  composed 
of  the  granular  substance.  Immediately  in  front  (fig.  "Zl  b) 
ibe  plate  becomes  kidney-shaped.  The  septum,  which  pro- 
ject! from  the  cortical  layer  of  cells  into  the  interior,  is  much 
aiort  developed,  and  divides  the  commissure  nearly  com- 
pletely into  two  trunks.  But  in  the  same  section  the  firm 
waaa  of  the  cells  is  relased  and  they  separate  a  little  to 
the  light  and  left,  occasioning  the  appearance  of  a  kind  of 
nrtioal  6nure,  which  is  more  distinct  in  the  centre  than  at 
tlie  periphery.  This  is  clearer  still  in  fig.  27c.  The  cellular 
procMl  penetrates  a  little  less  deeply  into  the  substance  of 
tbt  comnUntre,  but  the  fissure  which  divides  it  into  two 
puts  it  nofe  evident,  especially  nl  the  centre,  where  it  ends 
m  an  frnUrgement.  Further,  the  whole  cellular  covering  is 
thkkened  considerably,  diminishing  the  size  of  the  commis- 
mtiw.  But  in  the  following  section  (fig.  27  d)  that  conslric 
lion  baa  entirely  disappeared ;  the  commissure  which  forms 
«  hofje  mass  containing  some  scattered  nuclei,  is  surrounded 
bjr  •  anifonn  layer  of  cells.  The  median  thickening  of  the 
erllolar  eovering  reappears  once  more  in  the  section  (fig.S7  9), 
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end  thus  begins  the  repetition  of  the  successive  variations 
just  described. 

According  to  these  observations  the  mode  of  development 
of  the  ganglionic  chain  would  be  the  following : — Some  of 
the  ectoderm  cells,  situated  on  the  two  sides  of  the  ciliated 
furrow,  divide  and  form  two  parallel  thickenings.  One,  or 
sometimes  two  or  three,  cells,  of  the  newlv  formed  deep  layer 
acquire  special  characters,  and  separate  tnemselves  distinctly 
from  the  superficial  layer  and  from  the  lateral  parts  of  the 
ectoderm  from  which  they  originated.  In  this  way  are 
developed  two  cords,  completely  separated  from  each  other 
by  the  cells  of  the  ventral  furrow.  This  is  the  original 
double  rudiment  of  the  subintestinal  central  nervous  appa- 
ratus. Then  the  neighbouring  margins  of  the  cords  raise 
themselves,  and  approach  each  other,  forming  between  them 
A  groove,  sometimes  very  deep,  but  having  only  a  temporary 
existence.  The  upper  cells  of  the  neighbouring  sides  force 
themselves  above  the  groove  towards  the  median  line^  where 
thoy  meet  and  unite  with  each  other ;  their  number  increasing 
the  groove  becomes  little  by  little  flattened  out  and  finally  dis- 
nn|>ears.  The  primitive  cords  are  thus  united  into  a  median 
plate.  As  soon  as  the  union  has  taken  place,  the  cells 
group  themselves  into  a  series  of  swellings  and  constrictions. 

The  first  reprc'sent  the  ganglia,  the  second  the  connecting 
trunks.    Now,  certnin  cells  placed  beneath  the  dorsal  surface 
on  o;u^h  sido   are  transtormod  into   an   ill-defined  granular 
jiiibstanco.  xxV.ich  cradu.i'.lv  extends  to  the   median  line  and 
t"vMtn>  the  tlbix^us  oo:nn:i:s$ural  cord.     This  developes  sepa- 
latt  1\    tor    iMoh    sCiTuitr.:    of  the  chain,    before    the  single 
so>;u\onts  Kwxo  un::c\i  anion^  themselves  by  a  special  con- 
duvtmi;  t'.ssv.o,     Thr  cor.r.tvtir.g  :ri::.ks,  which  run  through 
the  \>hv^lo  l<ri::h  of  :ho  iZAr^l^v^r.ic  ch.iin,  are   formed  lat^r, 
>xu\^^K  b\  the  fusior.  v^f  :hc  vV:i:n::ss.:rAl  :ri:nks  of  the  suc- 
xo^>\xo  :i<j:»r<r.:s  .  hor.vTV  :h?r  d:^:  r;:.;:n.c:.:s  play  the  part  of 
;i  vvn\n\or,  t>u;;.;A::v^;\  :V:   :he   :r,».:.s\  :r>tr    a::d    lonaritudinal 
o^Mu\u\v>\uo:i»  ;:;   nhuh  ,^,  "icrwAr.'s    by  the    development  of 
I  »\xo   t\Vvo>,  A   u\cv/a:  Av:v\rA:;:s.  :f  vcuducrinij  threads  is 
0M.^*^'\^'ud      Iv,  vvr,>v\:,u:.vV  of  :>.t'  f.^r2:2:ion  of  the  fibril- 
\m    ^\\\\^\;\\Us\  \\\c  yfr.:s    of  :h-   r.rrv.us  plate,  which  are 
do^tnsd  io  K\v.v,o  .•^.A.^j^^l  :o.:o  ciii^li.-^n  cells,  extend  on 
\\xs^  ^uW^   A\u\  s.\\r.A\  <-::,:^   :r.  i  -jre  d  less  thickened, 

\^  \uw^\\V,>.  -Vo.oKo.vo.rs  /f  :-.s  -eV.-'.ir  covering  pene- 


V     » 


o  M.^  d.v|s\  x;^^^  tho  vou.;.:  of  :>.-  vIj.:^-.  Thev  are  foraed 
xu  \\s\\  \^\  ttw  xvo.i.V.  .vV.s.  tirro,/-  i-  r.::  ir^Wormed  into 
sW  iiuU>t,vo,.v  ot  t>.o  ooro,;vo.>^,;:Y.  ;o.  virt  Vt   cells,  which 
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migrate  from  the  Tenlr&l  surrace.  Then  a  fissure  appears 
belwecD  the  cells  of  the  median  septum ;  at  Srst  it  is  con- 
fined  to  each  segment,  but  later  extends  the  whole  length 
of  the  nervous  chain ;  this  is  the  ventral  fissure  of  the 
rahtntrstinal  nerve  cord  of  the  adult. 

Mj-  researches  have  fully  confirmed  Kowalewsky's  im- 
portant discovery  that  the  subintestinal  nervous  chain  of 
the  anneltdfi  arises  solely  from  the  ectoderm.  Semper's  state- 
nenl  tlut  it  is  made  up  of  an  unpaired  median  thickening 
of  the  ectoderm,  comparable  to  the  medullary  groove  of  ver- 
tebrates, and  of  two  cords  of  mesoderm,  corresponding  to 
tbe  spinal  ganglia,  U  definitely  contradicted  by  the  develop- 
ment of  that  apparatus  in  the  Lumbricini.  And  furtbcr, 
this  dogma,  which  had  for  its  object  the  reconciliation  of  the 
differences  in  the  structure  and  development  of  the  nervous 
system,  observed  in  annelids  on  the  one  hand,  and  verte- 
brates on  the  other,  has  missed  the  mark,  since  we  have 
learaed  from  the  excellent  researches  of  Balfour  that  the 
spinal  ganglia  of  vertebrates  are  not  derived  from  the 
mesoderm. 

Semper  has  already  found  an  opponent  in  Katschek,  who 
Qpholds  for  liumbricu^  the  origin  of  the  entire  ganglionic 
chain  from  ectoderm.  But,  beyond  this,  his  own  not  very 
clear  descriptions  appear  to  me  to  be  erroneous.  We  have 
already  noticed  that,  according  to  this  author,  the  ganglionic 
chain  is  formed  fiaxa  two  prolongations  of  the  cephalic 
medallary  plate;  that  is  to  say,  only  the  lateral  parts  of  it, 
parts,  whicli  he  calls  Interal  cords,  since  a  medullary  groove, 
very  similar  to  ibut  of  tbe  vertebrates,  is  then  formed  between 
them.  It  is  true  that  iu  the  development  of  the  medullary 
plate  B  Suurc,  sometimes  a  very  deep  one,  is  seen  (or),  rather 
there  are  two,  differing  in  time  of  appearance  and  in  mode  of 
formation.  To  my  view  IJatschek's  figs.  S,  3  and  4 '  would 
represent  the  first.  Hut  here  certainly  is  not  a  case  of 
invagination ;  the  groove  bestilea  is  only  the  space  which 
from  the  beginning  separated  the  primitive  cords,  deepened 
in  consequence  of  the  great  thickening  of  their  neighbour- 
ing sides.  With  (he  development  of  tbe  medullary  plate 
this  groove  disappears.  On  the  other  hand,  the  fissure  in 
fig.  6  cannot  but  be  the  second,  whose  formation  we  have 
described  above.and  which  accordingly  has  nothing  to  do  with 
tbe  first.  But  what  I  do  not  know  how  to  explain  is  the 
fact  that  Ilatschek  represents  the  walls  of   the  fissure  as 

"'    5  very  obviously  separated  from  the  lateral  cells  of  the 
;  In  Lumltricva  frapexotdes  there  is  not  the  least  ' 
*       >  Loe.  cit. 
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I  of  this.  The  Rcconilary  groove  may,  perhaps,  be  compared 
to  the  posterior  fissure  of  the  spinal  cord  of  vertebrates,  but 
ceitnioly  not  to  the  primitive  medullary  groove. 

Here  I  will  end,  merely  adding  further,  that  at  the  timo 
of  the  differeutation  of  the  first  cells  of  the  medullary  cords 
the  muscular  fibres  appear  at  their  aides.  The  rudiments 
the  segmental  organs  resemble  those  of  Euaxva,  represenl 
by  Konalcwsky,  and  do  not  develop  from  the  septa,  as  ' 
same  author  slates  that  they  do  in  Lumbricua  rubellui, 
coufcas  also  that  I  should  not  have  hesitated  to  describe  tl 
as  invaginations  of  tho  ectoderm,  if  the  very  clear  figures 
the  above-quoted  work  had  not  obliged  me  to  investigate  ' 
the  subject  from  this  point  of  view.  Of  the  formation  of 
colossal  fibres,  which  Kownlcwsky  believes  to  he  homolof^us 
with  the  uolnchord  of  Vertebrates,  I  know  nothing,  but 
what  Semper  describes  as  the  notochord  of  the  Naidini  is 
certainly  nothing  hut  the  cells  of  the  mesodormic  sheath, 
surrounding  the  nervous  chain. 

It  is  not  possible  to  overlook  the  great  similarity  between 
the  development  of  Annelids  and  Vertebrates,  especially  ' 
formation  and  transformation  of  the  germinal  slrcak. 
would  be  no  groat  inaccuracy  in  saying  that  the  belly  of  i 
lids  is  homologous  with  the  back  of  Vertebrates,  were  thei 
serious  divergences  shown  iu  the  development  uf  the  ni 
muscular  apparatus,  which  certainly  are  not  diniini 
tho  discovery    of   the  independent  origin  of  the  cepi 
ganglion.     I,  however,  believe  that  evi'ry  well-iecogni 
net,  although  it  may  be  such  as  to  appear  to  open  an  <  ' 
botweon  two  ao-called  types,  is  in  reality  a  step  in  ad' 
towards  the  establishment  of  the  unity  of  the  organisal 
of  the  animal  kingdom.     I  must  defer  general  eomtidcral' 
to  a  second  part  of  this  work,  in  which  1  shall  treat 
further  development  of  the  Earth-worm,  and  more  eap 
'>rtnalion  of  the  tissues. 
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Tit  Nkjutoid  H^uiatozoa  ^MaxJ     Bj  Tihotsy  Eichards 

t  Levis,  M.B.,  Surgeon,  Anny  Medical  Department ;  Fellow 
of  the  CaleuUa  Vnii-ersity.  With  Plate  XII. 
TiiK  lileiutnre  of  this  subject  dates  from  the  period  of  the 
pnUicalion  io  1S72  of  a  paper  submitted  by  myself  to  the 
OoTcmment,  eutitied  'On  a  HiEinatozoon  in  Human  Blood.'* 
Towards  the  be^nuing  of  July  of  that  year,  I  found  nine  minute 
Bcmatotil  wonns  in  a  state  of  great  activity  on  a  slide  containing 
a  drop  of  blood  from  the  finger  of  a  Hindoo.  They  were  about 
-\"  in  length,  and  ,  tVj"  in  width,  or  slightly  less  than  the  average 
^iuiiftw  of  a  human  red  blood -corpuscle  ('S  mm.  x  '007  mm.). 
^^Tlofortunately,  after  the  observation  had  been  made  the  niau 
jld  not  be  found  so  as  to  be  questioned  as  to  his  past  history, 
I  that  the  pathological  conditions  which  might  have  been 
>dAt«d  with  this,  the  first  recorded  instance  of  the  existence  of 
aloid  hiematozoa  in  man,  must  continne  in  obscnrity, 
K  This  observation  was,  however,  followed  by  several  others  which 
__HTe  gone  to  show  that  the  presence  of  this  particular  helminth 
in  the  blood  is  very  generally  associated  with  Chyluria  and  with 
an  allied  affection  known  as  Lymph -scrotum  or  nevoid 
elephantiasis.  The  extent  of  this  eonnection  may,  in  some  degree, 
be  infemd  from  the  circumstance  that  whereas  fHarice  may  occa- 
»toDally  be  observed  in  the  blood  of  persons  apparently  free  from 
diaeaM  of  aoy  kind,  they  are,  so  far  as  my  personal  experience 
goes,  mvariably  present  when  either  of  these  diseases  exist.  It 
aaat  be  recollected,  however,  that  the  search  for  them  sometimes 
involvea  very  considerable  labour- 

Tboc  parasites,  or  parasites  very  closely  allied,  have  now  been 
fiinnd  in  nuinnn  blood  in  many  parts  of  the  world.  Dr.  Prospero 
Soniioo,'  in  January,  1ST4'  (having  no  knowledge  of  previous 
obaemtionB  of  a  like  character),  found  them  in  the  person  of  a 
Jev  lad  at  Cairo.     They  have  been  found  in  China  by  Dr.  Patrick 

'  TU*  article  foraia  a  portioa  of  a  panet  entitled  "Tiie  Microscopic 
Otgasim*  [bund  in  llie  Blood  of  Man  wa  Animals,"  nbicb  h  ohoctl;  to 
aapear  m  an  Ap^dis  to  '  The  Fourletatb  Annaal  Report  af  the  Saoitar; 
rmninttrinTitr  with  tbc  Oovcntmenl  of  India.'—  ^~- 


nLxvL 
'  '  Riekcrclia  iatomo  alia  Uilhania  liRmalobia  in  relacione  ooUa  ema-  ' 
I  deU'Esilto  e  nota  intomo  ad  ua  neaaloideo  trovato  nel'l 
I,'    Naples,  l"*;*, 
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Manson^  of  Amoy,  and  in  Anstralia  by  Dr.  Bancroft^  of  Bris- 
bane. They  have  also  been  found  in  the  blood  in  Brazil ;  and, 
within  the  last  few  weeks,  in  England,  by  Dr.  Hoadley  Gabb  of 
Hastings. 

In  considering  the  possible  relation  which  may  exist  between 
the  several  parasites  which  have  thus  been  found  in  different 
latitudes^  it  will  be  well  to  bear  in  mind  the  history  of  somewhat 
similar  organisms  in  the  circulation  of  dogs.  There  is  another 
matter  to  be  taken  into  consideration  as  regards  the  identification 
of  like  parasites  in  man, — ^namely,  their  association  with  diseased 
conditions.  Are  these  conditions  invariably  of  the  same  general 
character  in  all  countries  ?  If  so,  it  would  be  sufBcient  to  show 
that  a  distinct  relation  of  some  kind  existed  between  the  disease 
and  the  parasite ;  but  if  it  be  found,  notwithstanding  the  existence 
of  a  general  correspondence  between  them,  that  nevertheless 
minor  differences  were  more  or  less  constantly  present,  this  would 
indicate  either  that  some  slight  difference  existed  in  the  parasite 
itself  or  that  it  bore  no  causal  relation  to  the  disease. 

It  so  happens  that  the  nematoidhsematozoa  are  found  associated 
with  a  disease  which,  whilst  manifesting  a  close  general  resem- 
blance in  different  countries,  is  nevertheless  characterised  by  a 
marked  difference.  In  Asia,  or  at  least  in  India,  this  disease  is 
known  by  its  most  characteristic  appearance,  viz.  milky  or  chylous 
urine;  whereas  in  Africa  and  South  America  it  is  aescribed  as 
the  "  hsematuria"  of  various  localities,  or  as  *'  hematurie  chyleuse  " 
or  "  graisseuse/'  a  term  doubtless  adopted  on  account  of  its  being 
a  more  correct  description  of  the  malady  than  chyluria.  In  India, 
however,  although  the  terra  may  be  more  or  less  applicable  at  some 
period  or  other  of  the  disease,  it  is  nevertheless  not  so  appro- 
priate, in  the  great  majority  of  cases,  and,  indeed,  in  some 
instances  is  wholly  inappropriate,  as  occasionally  no  marked 
traces  of  red  colouring  matter  can  be  detected  in  the  urine  from 
the  beginning  to  the  close  of  the  attack.  There  is  an  instance 
of  this  kind  under  my  observation  at  present  (a  European  born 
in  the  country)  suffering  from  a  third  attack,  who  has  never 
detected  the  slightest  trace  of  blood  at  any  time.  It  is  of  im- 
portance that  this  feature  in  the  character  of  the  disease  accord- 
ing to  its  geographical  distribution  should  be  borne  in  mind,  as 
it  may  hereafter  be  found  that  what  at  present  are  generally 
considered  as  merely  two  phases  of  one  malady  may  each  have  a 
distinctive  etiology. 

^  **  Report  on  Heematozoa,"  in  *  China  Customs  Medical  Reports/  vol. 
xiii.    Shanghai,  1877. 

'  'On  Urinary  and  Renal  Diseases/  by  W.  Roberts,  3rd  Edit.,  1876, 
p.  342. 

«  The  '  Lancet/  June  22, 1878,  p.  921. 
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When  in  M&rcli  1970'  I  detected  a  microscopic  nematoid  in 
urine  ot  the  latter  character,  I  was  under  the  impreEsion  that  no 
nematoid  of  any  kind  had  previously  been  found  in  any  urine 
whicfa  coold  not  be  itttribated  to  Bccidental  circumstances.  It 
proved,  liowever,  that  the  late  Dr.  Otto  Wucherer  had  already 
found  a  pttrasite  of  a  like  character  in  IS68  iu  "  Heematuria 
BrarilifHW,"  and  had  forwarded  specimens  to  Prof.  Leuckart  for 
idcDtilicntJon.^  Dr.  Jules  Crevanx  succeeded  in  confirming 
Wuchercr's  diacovery  by  finding  (27lh  July,  1870)  similar  hel- 
minths in  the  urine  of  a  young  Creole  atfected  with  a  like  disease.' 
It  is  poMible  that  the  parasite  discovered  by  Wuchercr  and  de- 
•cribtd  by  him  in  December,!  SOS,*  may  prove  to  be  identical  with 
tbe  MM  found  by  myself  in  March,  lHU);  in  fuch  an  event  it  will  be 
neetttnj  to  seek  fotsomc  clue,  other  than  specific  differences  in 
Ibe  belniDtbs,  to  account  for  the  circumstance  that  the  disease 
vjtli  which  they  are  associated  presents  different  characters. 

In  order  to  complete  the  sketch  of  the  history  of  nematoid 
aiiniuT  parasites  of  this  period  it  will  be  necessary  to  refer  to  two 
obMTvatioii^,  08  it  may  be  of  assistance  to  future  writers  in 


4 


Kobvcrv 
1.— IVw 
Mtna. 
■V»Ctd 


.^tHeima  lyilifo  r  Embrjo  of  »d  OTiparous  oematode,  obtained 
(Ucduccd  from  Dr.  Salisbury's  figure  rrpmeatbg  it  u 
1000  dtamelen  Ig  =  x  300  diam. 

(  (1)  aa  to  the  number  of  such  helminths  that  may  be 
bind  in  the  urine  of  man,  and  (SJ  ^vhether  any  of  them  should 
bceouidend  u  pseudo-parasitic  merely.  In  1S68  Dr.  Salisbury 
pttUntwd  an  account  of  a  parasite  which  he  had  found  associated 
with  on,  in  the  urine  of  an  insane  old  lady  suffcrbg  from  severe 
'ejitiiae  riicamatism  ;'  and  affected  with  partial  paralysis  of  the 
Uaildtr  ud  of  other  parts  of  the  body.  A  drop  of  urine 
bvfMSllT  contained  lf>  to  15  ova.  It  was  not  a  case  either  of 
Wsatmna  or  cliylnria,  allhongh  it  is  sometimes  erroneously  stated 
tktt  *be  «u  soffcring  from  the  latter  disease.  This  impression 
biaanicii  frou  the  fact  of  cyttinttrUi  having  been  confounded 
vtth  cbylurit,  two  toUlly  different  disorders.  The  helminth  i> 
dncribcd  as  IKcnUim  cytiica  (fig.  1 }. 

*  **  AaBva)  Its  [Mill  of  the  Sioiturr  CammissioDer  wilb  the  GoTcmment 
dT  l^a,"  1»70.    *  Britnti  Urdtcal  Joonu!.'  19th  Nov  ember,  1870. 

■  LcMkarf*  *  PatMitni,'  Baul.  ii.  p.  640. 

■  t^Mi  nd'JooraaliterA&atomMctdeUI'bpiotogte.'l.  si,IS7i. 

•  'Oswta  da  BaUa,'  Dneiul;tr.  t»9, 
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Writing  in  1872  Dr.  Cobbold^  after  describing  the  history  of  a 
liiile  girl  who  had  been  suffering  fromhaematoria  associated  with 
the  INstomom  hsematobiom,  refers  to  the  drcomstanoe  that  he 
obtained  from  the  patient  some  other  urinary  parasites  t«  tJU 
egg  etmdUion.^  *'  On  five  separate  occasions/'  writes  Dr.  Cobbold, 
"  I  obtained  one  or  more  specimens  of  the  ^gs  or  embryos  of  a 
minute  nematode.  In  one  instance  there  were  about  fifty  of  these 
ova  in  the  urine  :  their  embryonic  contents  being  well  developed^ 
and  in  a  state  of  acting.  Usually  they  were  all  in  this  advanced 
condition ;  but  on  the  25th  of  July^  1870^  several  were  observed 
in  much  earlier  stages  of  development."  The  fully  grown  eggs 
gave  a  longitudinal  measurement  of  3^  "  by ttoo'' ^ breadth. 
Judging  from  the  description  of  the  ova  and  their  contained 
embryos^  it  would  seaa  that  the  parental  form  must  have  been 
oviparous.  The  embryos,  when  freed  artificially  from  the  egg, 
measured  -^''  in  loigth  by  -rroo"  ^  breadtL  On  two 
occasions  free  dead  spedmens  were  observed  which  had  been  lying 
in  water  some  time,  and  these  measured  y^-^''  by  70W  l^e 
parents  of  the  patient  had  mentioned  that  the  latter  had  "  passed 
three  smkil  vermiform  entozoa  bv  the  urethra."^ 

Dr.  Cobbold  writes : ''  I  have  beoi  thus  particular  in  recording 
these  fMrts^  because  future  discoveries  may  enable  us  to  identify 

■  -  ^  r 


.  •  • 


Fig.  ?. — Omisi  freed  ezibrj>s  ::'  in  orirdr^Tis  sezutode ;  obtAined  in 
iirjie.     (After  Ccbbcli) 

ihe  species  of  nematode  to  which  these  ova  are  referable.     I  know 

ouIt  one  5el  0:  obsemtions  on  record  which  refer  to  this  same 

species  of  parasite,'     The  parasite  referred  to  is  the  above-cited 

Triciixj  /'/>^>j.     As  i:  niiv  be  a  convenience  to  future  observers 

to 

of 

tions,  together  with  a  rec.acec  oi:.'j:e  c:  L»r.  ^a^borv's  hg\ 

The  reviuction  has  been  efec:ed  bj  means  of  a  camera  lacida,  so 

^  P'^rtBo:  the  Ljtss  seven  tearj  I  21:15:  iire  eiaziiiieti  the  sediment  of  very 
auuxT  ^:iLl\>ii$  of  cctIc^j  urt^je.  ru*  :i'eTifr  ocsserred  lay  on  of  nematodes, 
$lK>ifcct  from  tiai^  to  tine,  1  xiv^  :cci?o  T^azr  h^i^dreds cf  embrros. 
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novel  will  be  fgund  ia  PL  XII  (figs.  3  and  5).     Dr.  Douglas 

CaaBtnghuii  several  je&Ts  ago  pointed  out  that  such  a  view  was 

enable  ;^  moreover,  the  mature  Filaria  sanguinU  hominU  is 


^^^Ro  npresetit  the  helminth  ss  magnified  300  diameters  instead 
^^«  1000  as  in  the  original.  This  wil!  facilitate  comparison  with 
Dr.  Cobbold's  figure  representing  his  nematoid  ova  parasites' 
(fig.  it).  Notwithstandiog  the  diacrepancy  in  size,  Dr.  Cobbold 
considers  that  the  helminths  ore  referable  to  one  and  the  same 
specie*.  They  are  both  manifestly  the  offspring  of  some 
ovipiarous  nematode ;  further  than  that  it  is,  I  think,  hardly  safe 
to  gstt;  the  comparison. 

The  figures  will  aJso  serve  to  elucidate  another  matter,  as  Dr. 
Cobbold  has  since  asserted  that  his  parasite  is  not  only  identical 
with  Dr.  Salisbury'?,  but  also  identical  with  the  Filarin  aanffuinis 
Avmiitit,'  a  figure  of  which  under  a  somewhat  like  magnifying 
■"  be  found  in  PL  XII  (figs.  3  and  5).     Dr.  Douglas 
a  several  years  ago  pointed  out  that  such  a  view  was 
moreover,  the  ms  —  ■    ■ 

not  oripanua  but  viviparous. 

CBa50C3   irN-DERGONS  BY  THE  EmBHYOS  OP  NeUATOID  H-EMA- 
TOZOA  WHES  IXGE3TED  BY  THE  MOSQDITO. 

It  would  occupv  too  much  space  to  attempt  an  epitome  of  all 
that  ku  been  written  reparding  the  Fihna  Mnguim»-homi»ia 
and  the  somewhat  numerous  diseases  whicb  have  been  ascribed  to 
it«  influence,  so  that  for  the  present  the  Foregoing  must  sufiice. 
It  remains  to  be  considered  how  it  is  that  the  embryos  get  into 
tKe  cinoUtion  and  what  becomes  of  them  afterwards.  A  most 
important  sttp  towards  the  solution  of  these  queries  has  recently 
been  Budt  by  Dr.  Patrick  Manson  of  Amoy.*  He  has  shown 
that,  inuoediately  after  a  mosquito  has  fed  itself  on  the  body  of 
m  filviA-afTected  individual,  the  insect's  stomach  will  contain  living 
einnpica  of  the  hicmatozoon ;  and  that  the  latter  will  attain  cou- 
■tJenblc  progress  towards  maturity  therein,  in  the  course  of  a  few 
dara.  It  is  believed  that  it  then  escapes  from  the  mosquito  when 
the  Utt«r  dies  in  the  water  to  which  it  betakes  itself,  and  the 
filaiue  thus  find  their  way  into  the  human  body.  J)r.  Manaon's 
htgbly  intonating  paper  gives  a  full  account  of  the  various 
developmental  stages,  together  with  figures  of  the  object  as  they 
appear  from  time  to  time. 

I  have  repeated  many  of  Dr.  Manson's  experiments  and  hsYC 
been  able  to  satisfy  myself,  from  personal  observation,  that  hie 
statetaents  as  to  what  occurs  in  China  may,  in  most  particulars, 
be  made  applicable  to  India  also.     I  bad  on  many  occasions  ex- 

>  '  Bnliali  Uedicsl  Jouraal,'  Jul?  37,  1372,  psBC  92. 

*  '  Lnadon  Uedicsl  RecoTd,' No.  i,  vol.  f,  1873;  the  '  Lancet/ Jul;  13, 
IS7S.  p.  6k 

*  The  '  Lancet,'  Jtme  11, 1S73,  pue  836. 
.  •'^-  rv.-.^  Report,*  No.  siv,  1S7S. 
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amined  the  stomachs  of  mosquitoes  and  of  other  suctorial  insects 
in  a  cursory  fashion  during  the  last  few  years,  but  had  never  de- 
tected parasites  resembling  the  Filaria  sanguinu.  When,  how- 
ever, I  learnt  of  Dr.  Hanson's  success,  I  proceeded  to  make 
examinations  in  a  systematic  manner,  and  found,  to  my  surprise, 
that  14  per  cent,  of  the  insects,  caught  at  random  and  then  ex- 
amined, contained  such  embryos.^  It  became,  therefore,  manifest 
that  filarious  blood  must  be  a  tolerably  common  occurrence. 

At  first  I  was  not  successful  in  being  able  to  detect  any  but 
disintegrative  changes  in  the  ingested  parasite  owing  to  the 
circumstance  that  I  had  carefully  restricted  the  examination  to  the 
contents  of  the  stomach  only.  This  was  done  in  order  to 
diminish  the  risk  of  confounding  the  various  stages  which  the 
embryo-filarise  might  undergo  with  some  other  parasites  which 
might  exist  among  the  tissues  of  this,  as  of  other  insects.  The 
parasites  were,  in  foct,  found  to  be  digested.  Leuckart^  mentions 
that  a  similar  result  was  observed  by  Fedschenko  to  follow  the 
ingestion  of  Dracunculus-embryos  in  the  stomach  of  the  Cyclops. 
The  latter  is  believed  to  serve  as  an  intermediary  host  for  the 
development  of  the  guinea  worm,  the  embryos  getting  into  the 
body  of  the  Cyclops  by  piercing  the  cuticle.  When,  on  the  other 
hand,  the  embryos  are  swallow^/they  are  digested* 

In  the  course  of  the  foregoing  observations  it  was  observed 
that  all  the  mosquitoes  captured  in  one  of  the  servants'  houses 
contained  hsematozoa  of  the  same  character,  and  it  was  found 
that  one  of  the  five  persons  dwelling  in  this  house  harboured 
filarise  in  the  blood.  The  man  had  been  many  years  in  the  place 
and  is  not  known  to  have  suffered  from  any  special  disease. 

The  circumstance  that  such  a  constant  supply  of  filarious 
mosquitoes,  of  tolerably  certain  history,  was  available,  materially 
simplified  the  course  of  investigation,  which,  briefly  told,  was  as 
follows  : 

Insects  were  caught  early  in  the  morning  in  the  room  in  which 
this  person  had  slept,  just  as  Dr.  Mansou  had  done.  Some  were 
placed  in  bell  glasses  standing  in  water,  others  in  test-tubes  con- 
taining a  Uttle  w^ater  at  the  bottom  and  covered  with  a  strip  of 
muslin.  These  were  duly  labelled  and  set  aside  for  periodical 
examination. 

When  the  insect  was  examined  with  recently  ingested  blood 
in  its  stomach,  it  was  found  that  the  hsematozoa,  when  present, 
did  not  difi*er  materially  from  the  aspect  presented  by  them  when 
extracted  directly  from  the  blood  of  its  previous  host  (PL  XII,  fig. 
5),  although,  not  unfrequently, parasites  would  also  be  seen  which 

*  *  Proceedings  of  the  Asiatic  Society  of  Bengal,'  March,  1878,  p.  89. 
2  Op.  cit.,  Band  ii,  p.  706. 
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t  belonged  to  a  more  advanced  stage  of  the  one  under  cou- 
ioo,  tlie  result  of  a  prerioas  ingestion  of  filarious  blood,  or 
_  d  to  a  totally  different  kind.  There  is  always,  therefore, 
bk  of  confusing  dilTerent  parasites  in  the  same  insect.  Be- 
lted exatninations  at  the  »ame  periods  tend,  however,  to 
mioimiic  this  source  of  error.  During  the  first  twenty-fonr 
hours  no  marked  change  takes  place  in  the  form  of  the  organisms. 
On  iht!  second  day,  however,  it  will  probably  be  seen  that  the 
blood  hu,  to  a  considerable  extent,  nudergone  digestion,  and 
the  stomach  will  no  longer  tnanifesi  the  distended  condition  of 
the  first  day.  Probably  a  fevr  altered  hsematozoa  will  be  observed 
in  it  noring  very  languidly,  presenting  the  appearance  of  partially 
dtnnt^ntea  fungal  filaments  when  the  movements  are  not  mani- 
fested. Some  of  them  may  be  actually  dead;  these  will  be 
found  to  be  etuaed  bv  eosiu  solution  very  readily. 

Between  the  secona  and  the  third  day  farther  changes  occur, 
but  in  order  to  be  able  to  follow  these  it  will  be  necessary  to 
examine  the  other  tissues  of  the  insect,  as  possibly  the  stomach 
u»j  conUin  none;  it  will,  however,  probiibly  be  found  that 
some  of  them  have  migrated  into  the  tissues  immediately  out- 
nde  this  viscus.  It  will  now  be  observed  that  some  of  the 
ponaites  have  become  considerabl;  thicker  (lig.  7) ;  and  occa- 
noudly  i])ecimens  will  be  seen  with  the  tail  presenting  the 
tppctranoc  of  a  lash  (Hg.  9) ;  ttie  movements  are  still  very 
■lu^giah. 

About  the  fourth  day  it  is  proba.ble  that  examples  in  various 
stBCU  of  growth  will  be  visible,  rendering  it  extremely  difficult 
or  ioipo««ole  to  state  precisely  what  it  is  that  actually  does  take 
place  i  at  least  hitherto  T  have  not  been  able  to  satisfy  myself. 
About  thia  period,  however,  1  have  sometimes  seen  bodice, 
apparently  composed  of  precisely  the  same  material  as  figs.  6,  7, 
9,  ondogoing  something  so  very  like  cleavage  (fig.  8)  that  I 
hentatc  to  state  that  this  act  is  not  one  o(  the  stages  iu  the 
dcrelooment  of  the  fUaria.  The  figure  given  (No.  S)  is  very 
cutfolly  sketched,  and,  like  all  the  otners,  accurately  to  scale.  It 
will  be  noticed  that  one  cud  is  partially  hidden  by  some  granulnr 
outlcr.  This  I  WO!)  not  Bl>le  to  press  away  from  the  preparation. 
Other  [ireparatioiis  of  a  like  kind  u-ere  also  more  or  less  hidden 
by  nonnlar  matter,  and  in  some  cases  (unassociated,  however, 
with  any  indications  of  fission)  the  parasite  appeared  to  be 
covered  with  an  eniTii^tntion.  With  regard  to  the  process  of 
division  suggested  by  the  apuearance  of  No.  s  I  can  offer  no 
OfHBkiD;  it  is  (]uitc  possible  that  it  forms  a  part  of  the  develop* 
meotd  duogcs  nndergODe  by  some  other  parasite, — such,  (or 
iBstuee,  u  a  gresarine.  About  the  fourth  day  there  will  also 
bCMM  alUNrt,  thick  bodies  (very  appropriately  described  by  I>f. 
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Manson  as  "  Rausago-ahapcd  "^,  almost  uprfi-clly  ttill  (fie.  10), 
vilh  a  faint  iQdicatioii  of  a  moutli ;  nuJ,  in  «ouie  of  tWin,  a 
fuiiit  line  aiay  he  detectcc]  sugf;estive  of  a  commencing  int«atiiuU 
canal ;  the  escape  of  a  few  granules  on  slight  pressure  tovi 
the  other,  usually  thicker,  end,  su^esta  the  existence  of  on  i 
spcrture.  The  chief  difllculty  which  I  have  experieuoed 
following  these  changes  is  to  account  for  the  transition  of  ft 
at  figure  7  to  that  represented  in  figure  10.  Tbej'  are  all,  up  to 
this  figure,  sketched  as  magnified  by  .'iOII. 

The  larval  forms  at  fig.  10  now  rapidly  increase  in  liKC,  ud 
gradually  acijuin-  a  more  clongat«d  outline,  and  between 
fourth  and  mth  day  they  may  be  found  presenting  the 
shown  at  fig.  1 1-  The  lost  figure,  it  will  be  noticed, »  mag 
lOU  diameters  only,  and  the  length  of  the  larvm,  theretoi 
almost  three  times  tbat  of  those  delineated  at  tig.  10.  They 
manifest  greater  activity. 

The  highest  stage  of  dovebpinent  which  has  come  under 
notice  is  that  figured  at  12  as  seen  magnified  lOU  diameter*. 
The  anterior  and  posterior  portions  of  a  similar  one,  mugnifled 
HOO  diameters,  are  delineated  at  fig.  13.  This  measured  ^'j  of 
an  inch  m  length,  and  its  width  towards  the  middlu  was  ^  ',~^ ; 
near  the  anterior  and  posterior  ends  they  measured  -rit-n"  across. 
The  dimensions  of  another  specimen  which  I  metsured  were  -^" 
in  length  by  -re'r,-/'  >"  width  at  the  broadest  part.  Dr.  Manaon 
mentions  that  he  has  on  four  occasions  observed  lai^cc 
moot  than  these. 

Notwithstanding  their  activity  and  apparently  robust  condl 
they  nevertheless  are  extremely  fragile,  very  sliglit  pressuiB 
the  cover-glass  being  sullieient  to  crush  them.  When  examined 
in  the  unbroken  condition  it  is  only  with  difficulty  that  the  ali- 
mentary cjinal  can  be  distinguised  beyond  the  junction  of  the 
(esophagus  with  the  intestine,  but  when  carefully  ruptured  (hi  in 
fig.  li)  the  tube  may  be  distinguished.  I  have  not  been  able 
to  distinguish  any  other  differentiated  viscus  in  any  of  the  speci* 
mens  which  have  come  under  my  observation,  and,  certainly, 
nothing  suggestive  of  differentiation  of  sex. 

By  tne  time  that  the  larval  filarite  have  attained  to  this  degree 
of  development,  the  mosquito  will  possibly  have  already  deposited 
its  ova  and  its  own  cycle  will  have  been  nearly  completed.  With 
tile  inteiUiun  of  following  out  the  development  still  further,  I 
have  frequtnlly  kept  insects  until  this  stage  was  reached  before 
examination,  but  all  the  attempts  have  proved  fruitless,  notwith- 
standing thai  the  m(isi]uitD  lias  been  seen  to  go  through  its 
ordinary  course  of  depositing  ita  ova  on  the  surface  of  water,  and 
then  perishing  it«elf.  Either  no  filarito  were  fouud  in  iti 
T  present  they  were  detd,  tnd  careful  examination 
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vater  innzuiblj  yielded  negative  results  in  my  hands.  It  would 
nem  tint  the  luvte  had  perished.  As  the  quantity  of  water 
vnd  wu  K)  noaU,  it  is  hardly  possible,  had  iitaris  id  any  stage 
of  growth  been  present,  that  they  could  have  so  completely 
CKtped  obaervatioo.  Possibly  the  more  or  less  artificial  coudi- 
tiooB  neoBsauily  associated  with  the  conduct  of  such  experiments 
BSjr  accoimt  for  these  negative  results.  In  the  meantime  I 
cannot,  u  s  result  of  personal  observation,  affirm  that  a  sojourn 
ta  the  body  of  the  mosquito,  and  subsequent  transference  to 
iraler,  sufBce  to  bring  the  Filaria  tanffvinU-Aaminit  to  maturity. 
A  few  words  may  be  said  regarding  other  hiematozoic  parasites 
wEuch  appeu-  to  find  their  way  into  the  bodies  of  mosquitoes. 
Id  the  first  place,  it  may  be  mentioned  that  doffs  appear  to 
ftmusb  a  certain  proportion,  as  I  have  repeatedly  found  Filarise 
in  these  insects  in  which  not  the  slightest  trace  of  the  envelop- 
tag  ey«t,  which  characterises  the  human  htematozoon,  could  be 
detected.  Unfortunately  the  corpuscles  of  the  dog's  blood  are 
so  like  those  of  man,  as  to  size  and  appe^trance,  that  it  is  not 
posaible  to  distinguish  them  with  certainty,  so  that  the  examina- 
I  of  the  dnid  contents  of  the  mosquito's  stomach  does  not 
il  to  throw  any  light  on  the  source  of  the  hcematozoa  in  this 
ace.  It  is  probable  that  other  animals  also  contribute  to- 
i  mdering  the  diagnosis  more  difficult. 


^  'H  -.0 


3         ....     X  5fJ0diam. 

M  of  •  nematoid  helminth  from  a  bird,  obtniDed  in  the  Btomaoh  of  k 
A  few  blood-oarpusclM  ire  included  ia  the  sketch. 

■  not  uncommon,  for  example,  to  find  the  blood-corpuscles 

■C  Sinti  forming  a  portion  of  the  contents  of  the  mosquito's 
slomacb,  and  I  have  on  several  occasions  observed  extremely 
small  embryo  •nematodes  associated  with  such  corpuscles.  Some 
of  these  are  rcpmented  in  the  accompanying  woodcut  (fig.  S), 
If  tbcK  belmmtlu  be  compared  with  toe  ngure  given  of  the 

Tot.  XIX. — yiW  SBB. 


^ 


TtUOTHY  RICHA&DS  LEWIS. 

tuematozoon  of  the  crow,'  they  will  be  found  to  bear  a  clou 
rasemblasce  to  it.  It  is  very  poasible  that  these  embn'os 
may  not  have  been  derived  from  the  crow,  but  there  can  be  bat 
little  doabt,  judging  from  the  character  of  the  red  blood-cor- 
pnscles.thnt  they  had  been  derived  from  some  bird.  Facts  of  thia 
{dud  also  add  to  the  difiiculty  of  ascertaining  precisely  the 
various  developmental  processes  which  any  particalar  species  of 
hiematozoon  undergo. 

The  Mature  form  op  Filaria  sangtjois-hominis. 

A  letter  appeared  in  the  'Lancet' of  14th  July,  1877,  from  Dr, 
Cobbold,  annouDcing  the  discovery  of  Dr.  Bancroft,  of  Brisbane, 
Australia,  of  what  was  believed  to  be  the  mature  Filaria  tan- 
guinis.  They  had  been  foaiid  on  two  occasions ;  on  the  first,  a 
dead  specimen  was  found  in  a  lymphatic  abscess  of  the  aim ;  and 
the  second  time  four  living  specimens  were  obtained  whilst  tap- 
ping a  hydrocele  of  the  spermatic  cord.  Eegaiding  these  Dr. 
Bancroft  had  written  the  following  description  :  "  The  worm  is 
about  the  thickness  of  a  human  hair,  and  is  from  three  to  four 
inches  long.  By  two  loops  from  the  centre  of  the  body  it  emits 
the  filarite  described  by  Carter  in  immense  numbers." 

During  the  last  six  years  I  have  taken  considerable  interest  in 
questions  of  this  nature,  and  have,  through  the  kindness  of  pro- 
fessional friends  in  India,  had  frequent  opportunities  of  searching 
for  the  parental  form  of  the  Filaria  aaiiguinii-hominiv,  but  only 
succeeded  in  obtaining  it  on  one  occasion.  This  was  a  little  more 
than  a  year  ago — 7th  August,  1877-  Descriptions  of  tba  speci- 
mens were  published  at  the  time,^  but,  in  a  paper  dealing  with 
the  oi^anisms  of  the  blood,  a  brief  account  of  tnese  paiticolars 
shoiJd  find  a  place. 

For  the  opportunity  of  examining  the  particular  case  in  which 
the  filarite  were  found  I  am  indebted  to  the  kindness  of  the  lat« 
Dr.  Gayer.  The  patient  was  a  young  Bengalee  aff'ected  with 
well-marked  nEcvoid  elephantiasis  of  the  scrotum,  associated  with 
the  presence  of  emhryo-filariie  in  the  blood.  The  tumour  aad 
the  sanguineous  exudation  which  escaped  on  its  removal  wert 
collected,  and  submitted  to  careful  examination,  and,  after  a 
continuous  search  of  eight  hours,  the  long  soughl-for  helminth 
was  eventually  obtained.  The  specimens  were,  however,  so  greatly 
mangled  by  the  needles  used  in  teasing  a  clot  under  a  dissecting 

'  We  hope  to  be  able  to  reproduce  tbe  section  of  tbe  monognpli  dealing 
with  the  microsoopic  hRmatozoa  of  Bnimnls  in  our  next  number. — £i>. 

3  'Indisn  Medical  Gazette,  1st  September,  1877;  '1^  Lancet.' tBth 
September,  1377,  p.  163  j  '  Central blatt  fUr  die  medimiicbo  WiMea- 
Bcbsflen/No.  «;  1877,  p.  770. 
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microtcopc,  that  the  descriptioa  of  pareatal   forms  caiinot  at 
praaent  be  so  complete  aa  desired. 

The  Bpecimens  coDsiated  of  portions  of  two  worms,  male  and  , 
female  (Plate  XII,  figs.  1  to  4) ;  the  former,  however,  had  unfortu- 
nately beeu  torn  across  at  two  places,  and  the  terminal  ends  could 
not  be  discovered.  Both  specimens  manifested  very  lively  move- 
ausitf,  notwithstanding  their  mangled  condition.  They  were  of 
a  white  colour,  the  cuticle  was  smooth  and  devoid  of  transverse 
Burkings,  except  such  as  were  due  to  the  contraction  of  the  sub- 
jacent muscolar  walls. 

The  fragment  of  the  male  specimen  which  was  found  measured 
half  an  inch  in  length,  and  -rrs  of  an  inch  ('14  mm.)  trans- 
ntteJj ;  it  was  thinner  than  the  female,  but  of  considerably  firmer 
texture— M  firm,  indeed,  that  whilst  endeavouring  to  make  out 
ita  anatomy  a  considerable  portion  of  it  was  lost  by  one  of  the 
needles  oaed  for  dissecting  snapping,  and  carrying  a  portion  of 
worn  along  with  it.  On  tearing  the  helminth  across,  the  severed 
■nrfaoe  does  not  present  a  ragged  edge,  but  an  even  outline 
(H.  XH,  fig.  4).  The  male  manifested  also  a  great  tendency  to 
eoil,  and  it  was  only  with  difBculty  that  it  could  be  separated 
fron  the  specimen  of  the  female  parasite,  around  a  portion  of 
whicb  it  had  twisted  itself.  It  is  unfortunate  that  its  caudal  end 
eapecially  could  not  be  found,  as  the  definite  decision  of  the 
gesna  to  which  it  should  be  referred  depends  in  a  great  measure 
OB  tlie  characters  which  the  posterior  end  of  the  male  worm 
pnaeoti.  The  intestinal  canal  measured  j^-j-r"  (U^d  mm.) 
acmaa,  and  the  sperm  tube  -nVs "  ("016  mm.}. 

Tlecawlal  end  of  the  female  worm  also  had  been  severed,  and 
could  not  be  found;  this,  however,  is  of  less  moment.  The 
kogth  of  the  portion  of  the  helminth  secured  was  1^  inch,  and 
tta  gn»tett  wiath  about  ^  j^  i°'=h.  It  was  packed  with  ova  and 
Mihljua  in  various  stages  of  development ;  the  latter,  especially 
Iboae  of  tbcm  which  were  mature,  manifested  active  movements. 
Tta  b«od  ii  slightly  club-sbaped;  the  mouth  does  not  manifest 
mj  TOjr  distinctly  marked  labial  subdivisions,  nor  are  there  any 
ehKuoiu  processes  evident,  either  before  or  after  death.  The 
imiiihupn  is  faintly  striated,  and  shades  off  imperceptibly  '~'~ 
tfae  urteatinal  tube,  the  latter  being  filled  with  moleculo- "*■" 

Tke  fallowing   neasnrements  may  be  useful  to   future 
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Oral  aperture  to  end  of  oesophagus 
Diameter  of  oral  aperture  . 
Width  of  extreme  end  (anterior) 

Ditto     anterior  end  at  '*  neck  " 

Ditto     opposite  junction  of  intestine  with 
oesophagus 

Ditto     about  i  inch  from  anterior  end 
Width  where  packed  with  ova  and  embryos 
Width  of  uterine  tube  filled  with  ova 

Ditto     alimentary  tube 
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The  ova  do  uot  possess  any  distinctly  marked  ''  shell ;"  from 
the  smallest  to  the  largest  nothing  but  a  delicate  pellicle  can  be 
distinffaished  as  enveloping  the  embryo  in  all  its  stages;  conse*- 
quently  the  form  assumed  by  the  ovum  depends  to  a  gr^t  extent 
on  the  degree  of  the  surrounding  pressure.  In  fig.  S  (Plate  XIIj 
ova  of  various  shapes  are  depicted  (spherical^  triangular^  oval}^ 
and  with  a  considerable  latitude  as  to  size.  The  average  of  six 
measurements  of  the  less  advanced  kinds  of  ova^  i.  e.  those  in 
which  the  outline  of  the  embryo  was  not  distinctly  evident 
=  Tshsr"  ('018  mm.)  by  tsVo''  ("012  mm.) ;  whilst  the  average 
measurements  of  three  ova  in  which  the  embryos  were  visible 
=  6*t"  (-087  mm.)  by  ji^''  (-030  mm.). 

When  the  latter^  after  having  arrived  at  this  stage  of  deve- 
lopment, are  examined  during  me,  it  is  in  many  instances  difS- 
cult  to  state  whether  they  are  to  be  considered  as  freed  embryos 
or  not,  as  the  "  ^g-shell'*  has  become  so  extremely  attenuated 
and  translucent  as  only  with  difficulty  to  be  distinguished.     By 

fressing  the  covering  glass  firmly  the  sac  may  often  be  ruptured, 
t,  however,  appears  probable  that,  even  when  the  embryo 
acquires  worm-like  appearances,  the  envelope  is  not  lost  in  this 
species  so  long  as  it  continues  in  the  blood. 

It  is  of  importance  to  bear  this  in  mind,  as,  contrary  to  what 
is  seen  with  regard  to  the  nematoid  hsematozoa  of  dogs,  the 
embryos  in  the  blood  of  man  are  each  contained  in  a  translucent 
coccal  tube.  This  tube  is  readily  recognisable  during  life  when- 
ever  the  embryos  can  be  properly  observed  in  fresh  clear  serum, 
as  also  in  spirit-preserved  preparations.  I  possess  at  the  present 
time  specimens  thus  preserved  of  both  species,  one  bein^  con- 
tained m  blood  removed  from  the  heart  of  a  person,  who  during 
life,  was  known  to  harbour  hsematozoa,  and  the  other  obtained 
from  the  blood-vessels  of  a  dog  similarly  affected.  In  not  a 
single  instance  have  I  been  able  to  distinguish  the  least  trace  of 
an  onveloping  tube  in  the  latter,  whereas  in  the  former  this  tube 
can  be  clearly  demonstrated  in  the  majority  of  instances.  Hence, 
notwithstanding  their  almost  complete  accord  as  to  dimensions, 
the  character  just  referred  to  is  sufficient  to  distinguish  slides 
prepared  from  either  of  these  two  specimens.    A  like  distinction 
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hu  been  ascertaioed  to  exist  between  the  tn-o  kinds  of  embrjo 
filuis  in  China  by  Dr.  Manson  ;  but,  according  to  Dr.  Sonsino, 
those  of  Egypt,  and  apparently  those  of  the  Brazils,  do  not  pre- 
wut  this  dieting uisliing  feature.  As  may  be  recollected  it  was 
mentioned  that  a  distinction  also  e^sts  between  the  disease  with 
which  the  huEoaii  hiematozoon  is  associated  in  the  different  coun- 
tricB — not  a  great  difference  certainly,  butj  nevertheless,  one 
which  should  be  borne  in  mind  when  deciding  as  to  specific  dis' 
ttnctiona  between  the  parasites. 

It  mast  also  not  be  forgotten  that  the  inhabitants  of  Brazil 
and  of  certain  parts  of  Africa  are,  as  has  been  known  for  at 
least  a  century,  peculiarly  liable  to  be  the  hosts  of  tissue-para- 
•itca.  The  minute  thread-hke  sub-conjuncttval  fllaria  {Filaria 
toa),  for  example,  though  from  two  to  six  inches  in  length,  has 
twrer  been  accurately  described,  and  its  precise  thickness  is  not 
known  yet,  although  it  was  discovered  by  Bajon  so  long  ago  as 
1786,i  and  has  since  been  frequently  observed  beneath  the  skin 
uul  oonjonctiva  of  negroes  and  other  persons.  U.  Guyon 
btoo^t  it  before  the  notice  of  the  Trench  Academy  in  183S, 
ud  again  in  1801.  On  the  former  occasion,  the  specimens 
mcMOied  30^-40  mm.,  but  the  helminth  described  in  1864  was 
150  mm.,  in  length.  It  is  not  quite  clear  that  they  belonged  to 
the  aame  species.  It  is  not  impossible  that  the  embryos  dis- 
oovered  by  Dr.  O'Neill'  in  a  disease  of  the  skin  termed  Crav- 
crap,  on  the  west  coast  of  Africa,  may  prove  to  have  been  the 
offiining  of  some  such  helminth. 

Again,  the  minute,  thread-like  nematoid  described  in  America 
by  Leidy,  five  inches  in  length  and  „V  inch  in  greatest  breadth, 
is  not  to  be  overlooked.  It  was  obtained  from  the  mouth  of  a 
diiM,  ud  derives  ita  name — Filaria  hominit  on^ — from  this  cir- 

AU  these  circamstances  point  to  the  necessity  of  exercising 
sossiderftble  caution  in  arriving  at  any  decision  as  to  the  precise 
rdation  of  any  of  these  as  yet  obscure  parasites. 

"n'ilh  reoard  to  the  helminths  discovered  by  Dr.  Bancroft  in 
Aafltnlia,  I  am  not  in  a  position  to  offer  an  opinion.  It  has  not 
yet  been  ibown  that  they  are  blood-worms  in  the  ordinary  sense 
of  tfae  term,  nor  i*  it  known  that  the  individual  from  whom  they 
weie  obtained  harboured  embryo  hematozoa.  It  is  further  to  be 
rtsuuked  that  the  affections  under  which  the  persons  laboured 
Iron  which  liiey  were  derived  were  not  of  the  character  of  the  dis- 
eases with  which  these  hiematozoa  have  hitherto  been  known  to 
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•  *  Demplei  Eeadus.' 

■  •TiMXMCcl.'relK  10,  IS75,  p. 

'    "         "    |t  gf  the  AJcadem;  of  Natural  Science,'  Philadelpliia, 


Ipliia,  vol.  T,        ^^M 


be  aeaociated ;  indeed,  it  would  appear  that  one  of  tlie  principal 
morbid  conditions  with  which  they  are  associated  in  this  country 
— nfevoid  elephantiasis — is  unknown  in  Australia.  It  maj  also 
be  noteworthy  that  no  male  worm  was  found  among  the 
specimens. 

Dr.  Cobbold  is,  however,  of  opinioa  that  they  are  ideutical, 
and  it  would  be  superfluous  to  say  that  the  opinion  of  one  who 
has  devoted  so  many  years  to  the  study  of  helminths  is  entitled 
to  consideration.  This  observer  has  lately  (the '  Lancet,'  July 
13,  1878J  given  a  summary  of  the  bibliography,  &c.,  of  these 
questions,  in  which  I  observe  a  slight  error.  It  is  with  reference 
t^  the  mature  nematoid  helminths  found  in  Australia.  These,  Br. 
Cobbold  states,  were  "  first  discovered  by  Dr.  Bancroft  and  first 
described  by  myself."  It  seems  to  me,  however,  that  not  only 
did  Dr.  Bancroft  discover  the  parasite,  but  also  furnished  the  first 
account  of  them  which  appeared.  It  is  possible  that  the  descrip- 
tion supplied  by  Dr.  Bancroft,  which  is  quoted  on  a  previous  page, 
is  not  considered  sufficiently  precise  to  be  accepted  as  such,  from  a 
naturalist's  point  of  view.  Allowing  this,  if,  as  Dr.  Cobbold 
maintains,  the  Australian  and  Indian  parasites  are  identical,  tbe 
first  full  account' of  the  mature  Filaria  aanguinia  iominis,  as  found 
in  India,  was  published,  both  in  this  country  and  in  London, 
previous  to  the  appearance  of  Dr.  Cobbold's  description — having, 
indeed,  been  in  the  printer's  hands  before  Dr.  Cobbold  had  even 
seen  the  Australian  parasites.  Dr.  Cobbold,  moreover,  refers  to 
such  prior  publication  in  the  appendix  to  his  own  article. 

This  trifiing  oversight  will,  I  have  no  doubt,  be  duly  corrected 
should  this  distinguished  observer  have  occasion  to  write  regard- 
ing  these  subjects  in  the  future. 

In  considering  the  question  of  the  relation  which  may  exist 
between  the  presence  of  organisms  in  the  circulation  and  disease, 
the  conclusion  is  forced  upon  us  that  in  reality  but  little  of  a 
definite  character  is  known.  One  tbiag,  however,  is  clearly  mani- 
fest, that  the  supposition  that  beings  become  asphyxiated  as  a 
result  of  the  existence  of  living  organisms  in  the  blood,  is 
untenable.  The  study  of  their  natural  history  as  they  occur  in 
man  or  animals  does  not  afford  the  shghtest  support  to  such  a 
view.  Indeed,  so  far  as  we  at  present  know,  it  would  seem  that 
the  presence  of  embryos  in  the  blood,  no  matter  bow  numerous, 
exercises  no  marked  deleterious  efi'ect  on  the  organism.  It  is 
probable,  however,  that  the  parents  of  these  organisms,  especially 
when  helminthic,  do  exert  a  deleterious  influence  on  the  well- 
being  of  their  hosts, — as,  for  example,  the  lesions  which  exist  in 
the  walls  of  the  blood-vessels  caused  by  the  Filaria  languimotmia, 
would  seem  to  mdicate.  With  regard  to  allied  conditions  in 
man,  it  is  to  be  inferred  that  the  influence  exerted  by  oematoid 
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embryot  in  indaem^  disease  is  apt  to  be  oyerrated^  as  it  would 
seem  that  the  parasites  may  sojoarn  for  long  periods  in  the  system 
without  inflicting  obvious  injury.  That  certain  injuries  are 
efTected^  however^  cannot  weU  be  doubted^  but^  judging  from 
what  we  know  of  the  like  condition  in  animals^  the  injuries 
resolty  not  from  direct  action  of  living  organisms  on  the  blood 
emrait  in  which  they  dwells  but  from  their  action  on  some  of  the 
delieate  tisaaea  through  which  the  blood  circulates — such  in- 
jurious influence  being  probably  exerted,  more  especially  during 
the  migrations  of  the  parents  of  future  embryo-hsematozoa. 

GU4TimA; 

JMgmi^  1878. 


^p:^ 


i  on  tome  of  the  Reticci^rian  Rhizopoda  of  thtt 
"  Ciiallesgek"  ExFBDiTioN.     Bv  Henry  B.  Brady, 
I  P.B.S.    Willi  Plate  Vni. 

— Additions  to  the  knowledge  of  Porcellanous  and 
Hyaline  typef. 
Ik  «  fonncr  pnper  ('Quart.  Journ.'  Cot  January)  a  brief 
notice  was  given  of  a  few  of  the  more  iiitereating  types  of 
AreiutCMUs  Ufaizopoda  occuiring  in  the  dredged  stuff  brought 
borne  by  Sir  C.  Wyville  Thomson  and  the  scientific  staff  of 
the  "Challenger"  Expedition,  and  I  propose  now  to  describe 
a  limited  number  of  forniB  pertaining  to  other  groups  of  the 
Foraminifera,  concerning  which  tresh  facts  have  been 
gathered,  tending   to  elucidate   the  natural  history  of  the 


Poreellanea. 


■gjS. 


section  of  the  subject  has  so  little  that  is  new  been 
elicited  from  (he  "Challenger"  results  ns  in  the  Family 
idiLioi.iiiAof  CaT])«nter,  Parker,  and  Jones.  Abundance  of 
iJMgv  Biloculina  and  the  like  arc  of  course  to  be  found  in  the 
■"'  ' ijfrritta-tiotie  of  deep-sea  bottoms,  and  there  is  consider- 
Ttiiciy  in  ihu  forms  furnished  by  some  of  the  shallower 
IgiogF  from  the  tropics,  hut  there  is  no  such  rnnge  of 
well- mar krd  modifications  of  the  common  types  as  one  ivould 
be  (frcltj'  »ure  to  meet  with,  for  example,  in  material  from 
depths  of  fiTC  to  fifty  fnthonis  in  the  lied  Sea;  and  ns  few 
or  BO  shon'-Mnd*  were  collected  during  ihu  expedition, 
then  is  a  rumpnralive  absence  of  even  the  common  liilural 
■pcciea.  The  Miliolida  arc  to  be  regarded  ns  essentially  a 
•  hallow-WBler  and  littoral  group,  it  is  true  that  the  very 
UrK<nt  cxamplfB  of  eertaiii  genera  are  found  nmongst  the 
(7^^^riiMi-iiiud  of  lUOO  lo  2000  fathoms,  or  even  at  greater 
drpllis,  bnt  ihc  species  so  occurring  arc  very  limited  in  iium- 
*--- ,  and  the  specimens  as  a  rule  compnraltvely  few,  whilst  in 
How  water  and  in  shore-sanils  even  the  deep-sea  species, 
uoe  or  two  exceptions,  are  common,  though  tlic  in* 
XIX. — xtw  SIK.  a 
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connectiou  with  the  genera  Nubecularia  and  Daclylopora 
will  be  alluded  to  presently  in  the  notice  of  two  species,  N. 
liltia  nml  D.  eruca.  Concerning  the  spir.il  types  there  U, 
perhaps,  even  less  that  calls  for  remark.  The  geoera  Pene- 
ropolis,  OrbicuUiia,  Orbitolites,  and  AheoUna,  a.re  all  well 
represented  in  the  "  Challenger  "  gatherings,  but  the  results 
of  their  examination  tend  rather  to  diminish  tlian  to  increase 
the  number  of  forms  to  be  recognised  as  "  species." 


KcBEctJLAKiA  TIBIA,  Jones  aud  Parker,  PL  VIII,  figs.  1,  iS. 

Ifubeeulofia  tiiia,  Joues  and  Fai-ker,  1800.     '  Qti^rt.  Jouni.  Geot.  Soc,,' 
TOl.  »»i,  p.  455,  p.  20,  figa.  48—51. 

The  interest  attaching  to  thissimple  little  organ  ism  depends 
upon  the  fact  that  until  recently  it  has  only  been  recognised 
as  a  TriaBsic  or  BhEetic  fossil.  It  was  described  by  Messr)-. 
Jones  and  Parker,  he.  cU.,  in  their  paper  upon  the  Fora- 
minifera  of  certain  marls  from  Chellastou  in  Derbyshire. 
Within  the  last  few  months  I  have  identifieil  fipeciinens  in 
Mr.  E.  A.  Walford'a  collection  of  microzoa  from  the  Upper 
Lias  of  Banbury,  and  this  completes  the  record  of  its  geo- 
logical history ;  it  is,  nevertheless,  quite  possible  that,  owing 
to  its  minute  size  and  inconspicuous  appearance,  it  may 
have  been  overlooked  in  other  habitats.  A  careful  com- 
parison of  specimens  from  all  the  known  sources,  recent  and 
fossil,  reveals  no  characters  not  common  to  the  whole  of 
them,  none  at  any  rate  that  can  be  regarded  as  zoologically 
distinctive. 

Nubecularia  tibia  occurs  at  two  of  ihe  "  Challenger " 
stations,  both  in  comparatively  shallow  water,  namely, 
amongst  the  Philippine  Islands  (95  fathoms),  and  in  Hum- 
boldt Bay,  Papua  (37  fathoms). 


Dactylopora   eroca,  Parker   and  Jones.    PI.   VIII, 
figs.  3,  4. 

iactylopora  eruca,  Parker  and  Jones,  1860.  '  Ann.  and  Mag.  Nat  Hist.,' 
ser.  3,  vol.  v,  p.  473 ;  Carpenter,  1862,  *  Introd.,' 
p.  128,  pi.  10,  flg*.  1—8. 

lafloporella  ervca,  Gumbul,  1S?3.  '  Abliandl.  der  k.  baver.  Akad.  der  W.,' 
11  CL,  vol.  li,  p.  856,  pi.  D.  1,  flg.  1 


I  do  not  propose  to  enter  here  upon  the  contiorersy  con- 
ceroing  the  true  nature  and  position  of  the  Dactyloporidte 
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I  Dacltfhpora  eruca  occurs   in  consiiierable  variety  i 
in  some  ot  ihe  parcels  of  material  which  I  have  examined 
it  can  tcATcely  be  passed  over  wiibout  notice. 

The  Ixlrsi  contribution  to  the  debate  is  a  brief  note  by 
M,  Munier-Clialmas  (loc.  eit.),  in  which  Dactylopora  and  all 
IE  allies,  including  Adcularia,  are  assigned  to  a  family  of 
caJcareous  Algro,  characterised  as  "  Siphonee  rcrticillre."  It 
may  be  confessed  that  the  multiforin  organisms  hitherto 
usociateil  under  the  term  Daclyloporidd!  have  constituted  an 
anomalous  and  nnsntisfnclory  Ri'oup,  and  any  fresh  light  on 
Ihcir  ftnicture  and  relationship  ^Till  be  welcomed  by  syste- 
Riafists,  whether  zoologists  or  botanists.  It  is  not  at  all 
improbable  that  beings  of  widely  different  af&niiies  have 
been  pUccil  together  for  want  of  accurate  knowledge ;  but  if 
this  be  the  case,  to  hnnd  tliem  in  mass  to  another  position 
will  ncrt  mend  matters  greatly. 

It  is  difficult  to  see  how  irregularly  constructed  shells, 
like  Iftose  represented  in  PI.  VIII,  figs.  3, 4,  can  have  formed 
portioDi  of  a  radiate  or  vcrticillnte  orgamsm ;  nor  have  I, 
after  the  examination,  by  sections  and  otherwise,  of  a  large 
number  of  fresh  specimens  of  D.  eruca,  seen  anything 
corTMponding  to  the  structures  figured  in  M.  Munier- 
Chnlmos'  paper.  Nevertheless,  as  we  have  only  the  author's 
preliminary  note,  criticism  would  be  premature,  and  we 
niiiBt  await  the  publication  of  tb«  promised  detailed  memoir. 
Meanwhile,  it  may  be  observed  that  the  characters  of 
D^cltflapora  eruca  are  easily  reconciled  with  those  of  the 
Eiritof  tiieMilioHda,  and.sofaras  revealed  by  the  dead  shelb, 
present  no  anomaly  in  the  position  in  which  the  species  has 
bvenplacvd  by  Messrs.  Parker  and  Jones. 

Of  the  now  Milioline  forms  alluded  to  in  the  foregoing  para- 
paphs.  the  following  will  servs  as  descriptions,  pending  tha 
pabiiettioo  of  more  detailed  notice  with  the  necessary  figures. 


Havebina  exigca,  n.  sp. 

Characters. — Test  free,  ihin,  tliscoidal,  planospiral ;  com- 
pOMd  of  «  number  of  convolutions  of  a  narrow,  shghtly  em- 
bracing, teptatc  tube,  but  showing  no  indication  of  the  spiral 
•mure  beyotid  the  final  circuit.  Septa  few,  about  three  in  each 
coDTolution,  uvl  marked  by  any  external  depression.  Aper- 
ture simple,  lerminal.  Diameter  /„-  inch  (05  millim.)  or  less. 

Found  in  shallow  water  in  the  tropics,  notably  about  the 
Admiralty  IslanJe  and  New  Guinea.  This  species  also 
occun  in  the  Ued  Sea  and  elsewhere. 
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Haubrina  imconstans^  n,  sp. 

Characters. — Test  free,  thin,  commencing  growth  as  a 
planospiral,  non-septate  tube,  after  a  time  becoming  spiro- 
loculine  in  arrangement,  and  eventually  forming  convolu- 
tions, each  consisting  of  several  (two,  three,  or  four) 
irregularly  ^cuate  or  sigmoid  segments.  Periphery  bordered 
by  a  broad  thin  wing,  seldom  found  entire.  Diameter  of 
large  specimens,  -^^  inch  (1*6  millim.). 

Hauerina  inconstans  is  widely  distributed,  geographically 
speaking,  but  the  total  number  of  specimens  found  is  very 
small.  In  the  ^^  Challenger"  dredgings  it  occurs  at  depths 
varying  from  210  to  2300  fathoms. 

MiLIOLIJSA  TRIQUETRA,  ».  Sp, 

Characters. — Test  free,  compressed,  subtriangular;  com- 
posed of  few  segments,  of  which  three,  arranged  on  one 
plan,  usually  go  to  form  each  of  the  later  convolutions. 
Aperture  simple,  situate  on  the  produced  neck-like  extension 
of  the  terminal  segment.  Texture  roughly  arenaceous 
externally.     Diameter  Vr  inch  (1*  millim.) 

A  rare  species,  the  best  specimens  of  which  are  from 
anchor-mud  in  Humboldt  Bay,  Papua,  37  fathoms. 

MiLIOLINA   ALVEOLTNIl'ORMIS,  71.  Sp. 

Characters. — Test  free,  elongate,  fusiform;  composed  of 
narrow  chambers  arranged  more  or  less  spirally  around  the 
long  axis.  Segments  numerous,  sometimes  seven  or  eight 
visible  on  the  exterior  ;  ventricose  or  subcylindrical,  arcuate. 
Aperture  porous  or  radiate,  obscure,  terminal.  Texture 
thin,  porcellanous  and  nearly  smooth  in  very  young  shells ; 
finely  arenaceous  in  adult  specimens.  Length  -^^-  inch  (2'5 
millim.)  or  more. 

Not  unfrequently  met  with  in  the  shallow  waters  and 
shore-sands  of  tropical  latitudes. 


Hi/aline  or  Vitreous  Ti/pes. 

Of  the  three  families  which  constitute  the  Suborder 
Perforata  of  Carpenter,  Parker,  and  Jones,  namely, 
Lagenida,  Globigerinida,  and  Nummulinida,  the  last  named 

'y  be   dismissed  in  a  word.     The    ^'  Challenger"    spoils 
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hnTe,  iu  fsci,  added  little  or  nothing  to  our  knowledge  of  tiie 
A'umniM/iiii'f^, «xcept  in  so  far  as  concerns  their  geograpliicsil 
and  batliTinetrical  distribution. 

Lag  BN I  DA. 

Anoagit  the  Litgenida  it  is  far  otherwise.  The  genus 
Lafftna  alone,  as  represented  in  these  collections,  supplies 
tuaterinl  for  five  vr  8i\  crowiJeJ.  quarto  plates,  its  varieties 
•mbrncing  modificutiune  of  contour  nnd  of  surftice  decoration 
of  which  lillle  was  previously  known.  Of  these  it  is  im- 
poMible  to  speak  with  nny  advantage  in  the  absence  of 
figures.  It  has  been  generally  understood  heretofore  that 
ihc  central  home  of  the  Lagena  was  in  water  of  100  lo  200 
filthutn),  but  >onie  of  the  most  bcaulirul  and  delicate  mem- 
bm  of  till!  genus  have  been  found  at  depths  of  i^OOO  to  30U0 
ralbonis,  and  even  in  the  black  mud  of  almost  Ihe  deepest 
of  the  ocean  abysses  hitherto  extdorcd  by  the  dreil;;e ;  and 
* — Dme  of  these  localities  the  sanely  of  the  forms  which  have 
1  met  with  has  been  scarcely  less  remarkable  than  their 

lividun)  beauty. 
'Amongst  the  Nodosarine  types  furnished  by  the  "  Chal- 
mger  "  dtedgings  the  must  noteworthy  is  the  genus  Frondi- 
cvlaria,  which,  with  its  subordinate  ]''labelline  modifications, 
miut  now  take  a  definite  position  in  the  category  of  recent 
genera.  D'Orbigny,  in  his  'Tnbleau  M<^lhodique,'  18SG, 
tnentioos  "the  Adriatic"  as  the  habitat  of  Frontlk-ularin 
alata  and  Fr.  rhomhoitialix,  but  it  has  been  supposed  by 
■ubseqaent  obtervcts  that  his  specimens  were  inter- 
lopers which  had  been  washed  uut  of  one  or  oiher  of  the 
fiMsilifetfusTeiliary  clays  that  abound  in  the  Italian  Fenin- 
»ala.  Messrs.  I'lirkcr  and  Jones, '  however,  found  the  closely 
allied  Fr.  complanala  in  drcdgings  made  by  the  late  Mr. 
Lucas  Barrett  off  the  coast  of  Jamaica  (100  to  300  fathoms), 
and  a*  I  have  since  identi6cd  the  same  s]>ecies  in  beauti- 
fully fresh-looking  specimens  collected  by  my  friend  Ur. 
Tiberi,  of  Portici,  on  the  coast  of  Sicily,  it  may  be  allowed 
that  d'Orbigny's  habitat  is  probably  correct.  My  friend  M. 
EnMtat  Vanden   Hroeck' reports  the  occurrence  of  varieties 


of  both  fy-  evmvlnnata  and  Fr.  alala  in  one  of  the  soundiir^s 
nad«  by  the  late  Prufcscor  Agassix  off  Barbadoes,  in  100 
fatbom*.  This  coiiipletes  (be  record,  so  far  as  I  know,  of 
obwTTauona  ufKui  leceut  Frondicularite,  and  it  is  confined, 

'  •  Breort  Brli.  &uoe .'  IS03.    Traat.  sections,  pp.  SO  tiiid  105. 

'  'AoA.  8oc.  Beln  ^  Mieroi..'  vol.  ii,  p.  109,  pi.  2,  fig*.  IJ—U,  aad 
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as  will  be  seen^  to  three  species.  But  the  series  that  has 
been  collected  from  the  *^  Challenger  '*  dredgings  much  en- 
larges the  area  of  our  knowledge.  Not  only  have  two  of  the 
forms  which  have  been  alluded  to^  together  with  their  Fla- 
belline  modifications,  been  found,  but  in  addition  a  number 
of  other  smaller  species  of  widely  different  contour,  some 
of  which  are  described  and  figured  in  the  present  paper. 

The  little  branching  organism,  named  Ramttlina  by  Pro- 
fessor T.  Rupert  Jones,  hitherto  only  known  by  worn  frag- 
ments occurring  amongst  fossil  microzoa  of  Cretaceous  age, 
has  been  found  in  sufficient  numbers,  and,  notwithstanding 
its  fragile  nature,  sufficiently  complete  in  all  its  parts  to 
yield  accurate  data  as  to  ils  zoological  characters. 

The  genus  Uvigerina  has  also  received  considerable  acces- 
sions,  and  the  connection,  suggested  by  Messrs.  Parker  and 
Jones,  between  the  normal  spiral  varieties  and  the  dimor- 
phous shells  constituting  d'Orbigny's  genus  Saffrina,  is  con- 
firmed and  illustrated  by  certain  new  and  interesting 
modifications  of  the  typical  structure.  A  notice  of  some  of 
these  will  be  found  on  a  subsequent  page. 


Gcntt*— FRONDICULARIA,  cCOrhigny. 

Frondicularia  spathulata,  n.  sp.  PI.  VIII,  fig.  5  a,  b. 

Characters, — Test  long,  narrow,  tapering,  compressed ; 
margin  rounded,  somewhat  lobulate  ;  sutures  but  slightly 
excavated.  Primordial  chamber  inflated ;  early  segments 
more  bent  than  the  latter  ones.  Surface  smooth.  Length  ^ 
inch  (TO  millim.). 

This  is  one  of  the  narrow  compressed  Nodosarian  shells 
that  might  svith  almost  equal  propriety  be  placed  either  with 
Lwgidina  or  Froiidicularia,  the  slightly  inflated  primordial 
chamber  and  bent  earlier  segments  suggesting  the  latter 
genus  for  preference.  Torquera  figures  a  somewhat  similar 
form  as  Froyidicidaria  sacculns  (*  Sixieme  M^m.  sur  les  Foram. 
du  Lias,'  p.  482,  pi,  19,  fig.  20  o.  h.)  and  the  Fr.  linearis 
of  Philippi  (' Beitr.  zur  Kennt.  d.  Tert-Verstein,'  p.  5,  pi. 
1,  fig.  32)  is  a  Flabelline  variety,  with  analogous  general 
contour. 

Such  varieties  are  very  rare  in  the  living  condition,  and 
there  is  only  a  single  habitat  to  record  for  that  now  described, 
namely,  off"  the  Ki  Islands,  129  fathoms. 


NOn«  ox  RSTICOLAHIAN  BHtEOFODA. 


'  FnOXDICrLARlA   COMPTA,  fl.  Sp.      PI.  VIII,  fig.  6. 

iaracters, — Test  long,  spathulale;  truncate  or  emarginate 
!  base,  obtuse-angular  at  the  ap«x;  margin   square, 

what  lobulate.  Early  segments  larger  thsn  the  later 
J  sutural  lines  limbate.  Surface  otheririse  smooth. 
Iph  ^v  inch  (10  miltim.). 

J.»erf  beautiful  little  shell,  wilhjuBtsut&cient  irregularity 
mfvimatioii  lo  make  it  iliflicuU  alike  to  describe  in  well- 
J  teniM  or  to  reconcile  with  previously  recorded  sjieoiev. 
i  earlier  portion  of  the  te^t  is  built  on  a  bolder,  larger 
plan  than  th«  latter  part,  and  the  septal  lines  are  thickened 
•od  railed.  The  later  segments  are  narrower  and  smaller, 
and  ibe  sutures,  though  still  limbate,  are  not  so  prominent. 
Th«  peripheral  margin  is  nearly  square. 

The  figured  specimen  was  found  at  Station   162,  Bass 
Suail,  99  fathoms. 


Genu*— FLAB  ELLIN  A,  d'Orbigny. 
.BBLLifiA  cuNE.\TA  (r«i  iruitater).     PI.  VIII,  fig.  7. 

atneala,  VtiD  Miinstcr,'  IS^S.      '  Ncues  Jalirbuotl  tut  Ula.,' 
193S,  p.  3S:i,  1.1.3,%.  10. 

Notwithstanding  the  mote  regulat  contour  of  the  recent 
gpcciroea  and  its  somewhat  larger  number  of  segments, 
Iden  is  no  real  imprupriety  in  identifying  it  with 
Voa  Munster's  species;  less  impropriety,  at  any  rate,  than 
»ddlt)t{  n  &esh  name  to  nn  already  over-named  genus,  on 
insufficient  grounds.  Our  recent  shell,  like  Von  Miinster's 
filjure,  i«  lung,  narrow,  and  tapering  to  a  point  at  the  base. 
The  early  tfii'inetils  are  set  obliquely  and  rather  irregularly ; 
tbvrv  is  no  vxternal  limbation  or  thickening  of  the  sutural 
linn.  And  the  surface  is  traversed  by  delicate,  nearly  parallel, 
.  Itmsiiudinal  strise  or  rihlels.  Tlie  length  of  the  specimen, 
whicli  is  not  <]»iie  perfect,  is  about  ^  inch  (1*0  millim.). 
Habiut. — off  the  Ki  Islands,  1S9  fathoms. 


Fl-iBRLUKA  loUACBA,  n.  »p.      PI.  VIII,  figs,  8 — 10. 

Oiororfer*.— Tost     depressed,     cumplaiiate;     peripheral 

contour  vuiible,  often  more   or  less  carinate.     Chambers 

•lightly    inflated.       Spiral    aegments    irregular;    equitant 

'  Ib  F    A.  (totMer**  im|ier,  "Die  Cepbftiopodeii  de*  NerJ-Dentacben 
lertana  MwtimiHti." 
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segments  reaching  far  towards  the  base  of  the  test ;  in  some 
specimens  each  chamber  completely  encloses  the  lateral 
margins  of  the  preceding  one.  Sutares  excavated.  Shell- 
wall  delicately  thin;  surface  smooth.  Length  Vr  ^^^^ 
(1-0  millim.). 

Dr.  Conrad  Schwager^  in  his  beautifully  illustrated  memoir 
on  Fossil  Foraminifera  from  Kar  Nikobar,^  describes  and 
figures^  under  the  name  Prondicularia  foliacea^  a  species 
having  characters  quite  analogous  to  those  of  many  of  the 
recent  specimens^  with  the  exception  that>  whilst  the  fossil 
form  appears  to  be  symmetrical  (Frondicularian)  in  its  mode 
of  growth,  the  still-living  shells  are  all  dimorphous^  that  is 
to  say  either  irregular  or  Cristellarian,  in  the  arrangement 
of  their  earlier  segments.  Some  of  the  broader,  complanate^ 
recent  specimens  can  scarcely  be  distinguished  from 
Schwager's  species.  Dimorphous  growth  is  probably  an 
indication  of  depauperating  influences ;  hence  it  seems  better 
to  retain  the  term  Flahdlina  as  distinct  from  Fronditmlaria, 
otherwise  I  should  see  no  reason  for  separating  the  recent 
from  the  fossil  form. 

Flaiellina  foliacea  occurs  at  two  stations  near  the  Ki 
Islands  (129  faths.  and  580  faths.),  in  one  sounding  off  the 
coast  of  New  Zealand  (?75  faths.),  and  in  one  locality  off  the 
Eastern  coast  of  North  America  (1S40  faths.). 

Genus — RAMULINA,  Rupert  Jones. 
Ramulina  globulifera,  71.  sp.     PI.  VIII,  figs.  32,  33. 

Characters. — Test  free,  branching,  composed  of  segments 
of  different  sizes  connected  by  stoloniferous  tubes.  Segments 
numerous  (two  to  eight  or  more),  globular  or  subglobular, 
each  with  several  (two  to  six)  tubulated  apertures  extended 
from  different  portions  of  the  periphery,  some  of  which  ter- 
minate in  fresh  chambers.  Stoloniferous  tubes  narrow,  cir- 
cular in  section,  about  equal  in  length  to  the  diameter  of  the 
larger  chambers.  Texture  hyaline ;  surface  hispid  or  aculeate. 
Length,  when  complete,  -^  inch  (1*7  millim.)  or  more. 

In  Mr.  Joseph  Wright^s  *  List  of  the  Cretaceous  Microzoa 
of  the  North  of  Ireland'-  there  appear  figures  of  two  obscure 
organisms  under  the  generic  name  Ramulina,  given  to  them 
by  Professor  T.  Rupert  Jones.     The  specimens  from  which 

\  *  Novara-Exped.,  Geol.  Theil./  vol.  ii,  p.  236,  pi.  6,  fig.  76. 
1  'a'  ?'^^°''^        ^^^^'  "^®^^^*  ^^^"  -^^^^^  ^^^^»'  l^nA ;  Appendix,  p.  SS, 
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iffures  are  taken  are  probably  merely  fragments,  and 
no  detcnptioa  of  genus  or  species  is  given  beyond  that  con- 
Tcycil  in  the  terms  "simple,  calcareous,  subsegniented, 
brancbiDg,  Nodosarian  form."  The  diagnosis  is  further 
complicated  by  the  author  referring  to  the  same  genus,  "the 
Mh««lled  Dentalina  (?)  aculeala"  of  the  Chalk.  D'Orbigny's 
Deniaiiaa  aculeala,  as  far  as  1  can  gather  from  the  original 
dncriptton  nnil  figure,'  is  a  characteristic  and  eadly  recog- 
niwd  true  Dentalina,  and  why  it  should  be  associated  with 
aojr  "Ramuline"  form  it  is  difficult  to  understand.  Having 
for  Bomc  time  past  been  eollecling  materials  for  the  study 
of  tbe  Cretaceous  types  of  Foraniiriifera  I  have  become  quite 
familiar  with  the  organisms  figured  by  Mr.  Wright,  and  I 
beltiiVc  lliem  to  be  closely  allied  to  the  recent  species  above 
describe*].  I  have,  therefore,  adopted  the  generic  term  pro- 
po«^  by  Professor  T.  Rupert  Jones,  and  must  leave  the 
detvmuontion  of  the  distinctive  characters  of  the  recent  and 
foMil  tppcies  until  better  specimens  of  the  Cretaceous  forms 
can  be  found  to  serve  as  a  basis  for  their  more  accurate 
treatment. 

The  teat  of  Itamulina  fflobttlifara  is  always  hyaline  and 
prrlaiale,  and  usually  more  or  less  hispid.  The  genus  is 
pcobablf  nearly  related  to  the  NotJogarinm,  as  suggested 
la  the  foregoing  quotation,  but  its.  branching  habit  of  growth 
ia  aa  essential  and  distincliTe  feature. 

■The  "  Cballeng<-'r"  dredgings  have  yielded  examples  from 
I^Mat  niDC  or  ten  stations.  These  are,  for  the  most  part, 
^ao  great  diiilance  from  island  groups,  either  in  the 
Ktb  Atlantic  or  in  the  South  I'ncific;  the  depth  of  water 
tsa^s  from  145  to  600  fathoms,  and  the  bottom  commonly 
ooMUtuig  of  coral  debris  or  shelly  sand. 


(?««u»— UVIGERINA,  d'Orhigny. 

The  ■pecimens  from  the  "  Challenger"  collections  repre- 
MQtitig  the  genus  Uvigerina  form  an  exceedingly  interesting 
•erie*,  and  there  is  one  group  in  particular,  namely,  that 
embraring  Ihc  dimorphous  varieties,  on  which  considerable 
n«w  lixhl  is  thrown  by  them.  The  general  characters  of 
VrigfTina  (propci)  are  well  under»tood,  but  this  is  far  from 
bring  the  case  with  the  forms  assigned  to  the  genus  or  sub- 
genitt  Sagrina. 

Nonn^lj,  Vcigerina  may  be  described  as  having  an  elon- 
gated spiral  teat,  the  clustering  chambers  of  which  are 
•  Utm,  Soc.  Gral,  Fr.,'  1S40,  vol.  if,  p.  13,  pi.  1.  Sgi.  i,  3. 
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arranged  with  more  or  less  regularity  on  a  triserial  plan. 
The  aperture  is  simple,  and  usually  situated  on  a  produced 
neck  of  some  sort,  either  a  mere  rounded  conical  projection 
or,  more  characteristically,  in  a  tube  of  greater  or  less  length, 
terminated  by  a  phiaMike  lip.  The  surface  of  the  test  is 
almost  invariably  ornamented  by  striee  or  costse  (continuous 
or  interrupted),  spines,  bristles,  or  other  exostoses. 

It  is,  however,  on  certain  divergences  from  this  typical 
plan  of  growth,  which  elucidate  the  connection  ofthe  extreme 
modifications  of  Sagrina  with  the  generic  type,  that  the 
chief  interest  of  the  forms  to  be  described  depends. 

UVIGERINA  PORRECTA,  71.  8p.      PL  VIII,  figS.  15,  16. 

Characters. — Test  elongate,  subspiral ;  earlier  segments 
compactly  arranged,  obscurely  triserial;  later  segments 
uniscrial,  alternating  irregularly,  more  or  less  distinct  and 
interrupted.  Surface  marked  by  delicate,  irregular,  longitu- 
dinal costee.  Aperture  produced,  tubular.  Length  3V  ii^c^ 
(0-5  millim.). 

WHaUtat, — OflF  Bermuda,  435  fathoms;  off  Papua,  155 
fathoms  ;  and  at  a  point  about  10^  north  of  the  Equator,  in 
nearly  the  same  longitude  as  the  latter,  1850  fathoms. 

UVIGERINA  INTERRUPTA,  W.  Sp.      PI,    VIII,  figS.  17,  18. 

Characters, — Test  elongate,  subspiral,  composed  of  a 
number  of  inflated  or  subglobose  segments,  gradually  in- 
creasing in  size,  arranged  around  a  long  axis.  Earlier  seg- 
ments combined  so  as  to  form  a  compact  spire ;  the  one  or 
two  last  formed  placed  independently,  in  single  irregular 
series,  terminating  in  a  tubular  neck.  Surface  hispid  or 
aculeate.     Length  -3-- inch  (0*5  millim). 

jffaJeVa^.— Humboldt  Bay,  Papua,  37  fathoms. 


Gew2^5— SAGRINA,  d'Orhigny. 

The  range  of  morphological  variation  in  Umgerina  runs 
nearly  parallel  to  that  of  Textularia,  The  latter  genus, 
which  is  normally  biserial,  has  subtypical  modifications 
which,  on  the  one  hand,  may  be  uniformly  triserial,  or  on  the 
other,  may  run  into  uniscrial  forms;  or,  taking  a  dimorphous 
character,  may  be  spiral,  triserial,  or  biserial  in  their  early 
stages,  and  biserial  or  uniscrial  in  ihsir  later  growth. 

Utigerina  has  normally  a  spiral  arrangement  of  its  cham- 
bers, buc   in  like  manner  runs  into  dimorphous  forms,  and 
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these  conslitute  d'Orbigny's  genus  Sagrina.     They  have  been 
much  misunderstooil,  and    have    besn   pl»ced    by  German 

?'stetnatii>ls,  ^Tithunt  exception,  m  the  Game  family  with 
'estularia.  Of  ihe  two  species  named  by  d'Orbigny,  one^ 
is  b'uerial,  and  only  betrays  its  affinity  lo  Uvigcrina  by  its 
apertUTe,  which  is  placed  in  an  erect  mammiltate  protuberance 
at  the  top  of  the  terminal  chamber ;  ihe  other  is  a  Cretn- 
cirous  Bpecies'  with  an  arenaceous  (est,  which  is  spiral  in  its 
earlier  growth  and  finishes  biscrially.  Continental  Ehizo- 
uodisls  have  only  recognised  the  latter  of  these,  and  Sagrina 
a»»  consequently  been  spoken  of  as  an  exclusively  fossil 
senus,  with  characters  founded  on  those  of  -S*.  ruffota. 
McMTS.  Parker  and  Jones,  however,  have  shown  the  rela- 
liotuhip  which  exists  between  these  and  some  similar  forms, 
and  have  desciibcd  two  recent  dimorphous  species,^  in  both 
of  which  thi!  arrangement  of  the  segments  is  partly  alter- 
nato  DT  iriseiial  and  partly  uniserial.  To  these  the  "  Chal- 
lenger" material  has  brought  two  additional  and  even  more 
abnoimal  varieties,  which  have  been  named  Sagrina  cirgula 
•nd  S.  divaricata  respectively. 

The  generic  term  is  written  Sagraina  by  Heuss  and  by 
Zittel.  There  is  no  doubt  that  d'Orbigny  named  Ihe  genus 
in  honour  of  De  la  Sagra,  the  historian  of  Cuba,  but  his  par- 
ticuhiT  method  of  doing  so  does  not  concern  us,  and  as  it  is 
^ite  clear  that  the  final  a  was  dropped  intentionally,  we 
muat  take  the  genus  as  he  left  it,  It  is  the  old  story  of 
Ttxtuloria  and  Textilaria,  of  OrbitolUes  and  OrbituUtes  ; 
the  only  chance  of  uniformity  in  nomenclature  lies  in 
the  rale  of  precedence.  The  systematic  names  for  which 
dssatcal  authority  and  exactitude  can  be  claimed  are  few 
hidonl. 

kSAOULtA  VIROVLA,  ».  Sp.,  I'l.  VIII,  figS.   19—21, 
taraclcri. — Test  linear,  straight  or  curved,  cylindrical,  ta- 
\g,  coDposcd  of  many  segments.  Early  segments  minute, 
erina,  obscuirly  spiral,  sometimes  wanting;  later  ones 
tulii; lobular,  united  end  to  end,  and  somewhat    embracing. 
Aperture  wide,  with  a  turned-over   phinl-like  lip.     Surface 
hi^iid  or  setose.     Lenjjih,  ^V  incti  (0-5  roillim.}, 
^HJEbe  relatioiiihip  of  S.  tirgtila  with  the  hispid  varieties  of 
^^^HMTiiUi  may  be  seen  by  comparing  the  figures  with  those 
^^f^O'  inlrrruflii  immediately  preceding  them  in  the  plate. 
>  AyriM  ^Mr'ii, '  roram.  CiibV  p,  140,  pi.  1,  Up.  23.  ii. 
■  Jt^fr^r^oM,'iiia.6ix.  Ueol.  frV  vol,  ir,  p.  47,  pi.  4.Qgt.  31,3S. 
*  '     '  »  nptum  and  S,  ilimorpia,  '  Thil.  Traiu.,'  tol.  olv,  p.  SOt,  pU 


4 
n 


4 


276  HENRY  B.  BRADY. 

It  is  a  rare  form^  and  individuals  like  that  represented  by 
fig.  21  may  easily  be  mistaken  for  minute  NodosaruB. 

Specimens  of  this  species  have  been  found  at  three  localities 
in  the  Eastern  Archipelago,  all  in  shallow  water  (15  to  37 
fathoms)  and  in  one  deeper  sounding  on  the  coast  of  South 
America,  off  Pernambuco  (675  fathoms). 

Sagrina  divaricata,  w.  sp.y  PI.  VIII,  figs.  22 — 24. 

Characters, — Test  free,  moniliform ;  spiral  chambers  few 
and  minute,  forming  an  obscure  rounded  mass,  altogether  but 
little  larger  than  one  of  the  later  segments.  Later  segments 
two  to  four  in  number,  subglobular,  arenaceous  externally, 
united  by  clear,  non-arenaceous,  stoloniferous  tubes,  of  length 
equal  to  about  half  the  diameter  of  the  larger  chambers. 
Aperture  an  elongate,  tubular  neck,  often  longitudinally  fur- 
rowed, and  with  an  irregular,  expanded  lip.  Length,  -yV 
inch  (0*5  millim.). 

The  occurrence  of  arenaceous  modifications  of  the  dimor- 
phous Uvigerina  is  quite  in  harmony  with  the  parallelism 
that  has  been  suggested  between  them  and  the  Textularian 
series.  One  species  o{  Sagrtna,  hitherto  undescribed,  but 
not  uncommon  at  some  of  the  '^  Challenger  *'  stations,  can 
only  be  distinguished  with  difficulty  from  the  Clavuline 
group  of  Tcxtulan'cB,  its  most  recognisable  character,  as  in 
so  many  other  instances,  being  a  tubular  neck.  In  confor- 
mation it  accurately  resembles  S.  dhnorpha,  P.  and  J.  ;  the 
test  is  tliin,  but  it  is  composed  of  fine  sand-grains,  of  uniform 
size,  firmly  compacted.  Tliis  species  helps  to  connect  the 
clear-shelled  forms  with  tlie  rough  Cretaceous  species  de- 
scribed by  d'Orbigny. 

But  the  foim  now  under  consideration,  Sagrina  divaricdta, 
presents  in  some  respects  a  further  deviation  from  the  typical 
structure  than  the  Clavuline  variety  alluded  to,  or,  indeed, 
than  any  previously  noticed.  Its  general  features  will  be 
readily  gathered  from  the  description  and  figures.  Specimens 
are  rarely  found  entire  owing  to  the  tenuity  of  the  con- 
necting stoloniferous  tubes,  but  in  certain  tropical  shallow- 
water  sands,  fragments  showing  the  neck,  and  sometime?  one 
or  two  segments,  are  not  unfrcquent.  In  complete  specimens 
the  initial  chambers  are  clustered  into  a  little  ball  scarcely 
bigger  than  one  of  those  subsequently  formed. 

The  best  examples  that  have  been  found  occur  in  material 
from  Humboldt  Bay,  Papua  (37  fathoms),  and  off  Tongatabu 
(18  fathoms). 


■  OM  UenCCLAItlAN  RHISOPODA. 


Glorigkrikida. 

The  Glohigerinida  form  ii  Urge  niul  diverse  gioup,  and 
almost  every  »«cction  of  it  acquires  some  fresh  significance 
from  the  "Challenger"  collections.  Of  the  simple  non-septate 
genua  Spirillina  several  new  forms  are  now  lo  be  described. 
The  genus  ChilostomrUa,  first  found  in  the  recent  condition 
two  or  three  years  ago  by  the  Rev.  A.  M.  Norman,  is  shown 
^'  tiii'  "  Challenger  "  dredgings  to  have  a  wide  distribution 
"i«  living  type,  and  its  near  ally,  Allomorphina,  aforetime 

[irded  as  a  rare  Cretaceous  and  Early  Tertiary  fossil,  ia 
Tiled  by  recent  specimens  from  two  to  three  localities. 
fmonina.  concerning  which  little  or  nothing  has  been 
known  beyond  its  general  externa!  appearance  as  depicted 
by  d'Orbigny,  is  met  wiih  ni  nvo  or  three  stations,  and  the 
difficulty  which  has  been  experienced  by  later  Rhizopodists 
us  to  its  zoological  affinity  is  found  to  have  arisen  from  the 
inaccuracy  of  the  original  fi^jurea.  Of  the  Rotaline  genera 
it  ia  difficult  to  speak  briefly,  the  number  of  species  obtained 
ia  so  Urge.  Probably  the  result  of  their  examination  will 
bo  of  value  rather  in  the  more  accurate  definition  and  better 
aadvrstanding  of  forms  already  known  and  named  than  in  the 
number  of  new  species  to  be  described.  There  are,  however, 
a  few  very  distinct  forms  not  previously  recorded.  Of  these, 
two  somewhat  im]>oriant  Palcinulina^  have  already  been 
naticpd,  the  published  descriptious  being  founded  upon 
**  ChBllenger"  specimens,  and  a  strikiug  little  PlanorbuUna 
i»  described  and  figured  in  the  present  paper. 

Of  the  genus  Globlgerina  and  its  immediate  allies  a  some- 
what longer  summary  is  needfuls-one  that  may  serve  ns  the 
baeif  of  a  subsequent  detailed  exposition  of  so  important  a 
(;ruu[>— and  to  (his  end  certain  iiew  species,  of  which  illus- 
mtive  fignrea  cannot  at  present  he  given  for  want  of  space, 
are  tulroduced,  as  well  as  circumstances  permit,  by  verbal 
dncriptioD*. 

Owiwi— SPIRILLINA,  Ehrcnimj. 
Tb«  grnera  SpiritUita,  CornuBpira,  and  Ammotiiacut,  are 
(■onorpbous,  and  represent  vitreous,  porcelianous,  and  nrc- 
naceoos  types  of  structure  respectively.  The  resemblance  of 
ibe  tests  of  some  of  these  simple  forms  to  the  shells  of 
pteropods  and  annelids,  whilst  often  a  source  of  difficulty 

— *- *--  imperforate  Cifmutpira  and  ihft  sandy  Ammotliteut 

xl,  scarcely  affects  the  diagnosis  of  SpiriUina, 
-  P»himtlMmykm,Kid  P.itmirdii.  w.  lumiJa,"  •  Qtol.  Hag.,' liT7, 
-  -■  '-  >.  6J5, 
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connecting   link  between    the    fully    developed    form  aii'd 
Williamson's  Spirillina  margaritifera}  hence  the  description  j 
furnished  to  my  friend  Mr.  Siddall  (/oc.  dt,)  needs  a  littley 
revision.     In  the  specimens  from  our  own  shores  the  tuber- 
cular exostoses  are  frequently  confined  to  the  central  portion 
of  the  test^  which  is  otherwise  a  flat  or  slightly  concave  disc^ 
bearing  no  indication  of  the  spiral  internal  structure. 

Well-marked  individuals  of  this  species  are  found  in  two 
of  the  dredgings  off  Kerguelen  Islands,  namely,  in  Royal 
Sound,  20  to  60  fathoms,  and  off  Christmas  Harbour,  120 
fathoms. 

Ge;^ws— CHILOSTOMELLA,  BemB. 
Chilostomella  ovoidea,  Retiss.     PI.  VIII,  figs.  11,  12. 

Chilostomella  ovoidea^  Reuss,  1849.    '  Denkschr.  d.  math.-nat.  CI.  k.  Akad. 

d.  Wiss./  vol.  i,  p.  380,  pi.  48,  fig.  12. 
— -  Czjzekit     id.  ibid.,  pi.  48,  fig.  13. 

The  genus  Chilostomella  has  until  quite  recently  remained 
almost  unknown  to  English  Rhizopodists.  It  has  never  been 
found  amongst  the  fossils  of  our  microzoic  deposits,  and 
before  its  discovery  by  the  Rev.  A.  M.  Norman,^  in  sands 
dredged  off  Valentia  (112  fathoms),  and  amongst  material 
brought  by  the  scientific  staff  of  the  *^  Valorous  "  from  the 
far  north,  its  range  of  distribution  was  supposed  to  be  limited 
to  certain  Tertiary  marls  of  Central  Europe.  It  is  never- 
theless to  be  regarded  as  a  locally  or  partially  distributed 
rather  than  as  a  very  rare  recent  type,  for  it  occurs  in  con- 
siderable abundance  in  many  areas  far  apart,  and  the  wonder 
is  that  it  remained  so  long  unobserved. 

The  structural  features  of  Chilostoynella  and  its  near  ally 
Allojnorphina,  are  so  remarkable  that  Reuss  very  properly 
placed  the  two  genera  in  a  family  by  themselves,  which  he 
characterised  as  follows  {loc.  cit.)  : 

'^  Eiiallostegia  cryptostegia. — Testa  libera,  irregularis, 
inaequilatera,  conflata  e  loculis  perfecte  amplectentibus, 
alternantibus,  ad  axes  vel  duos  oppositos  vel  tres  in  triangulo 
positos.     Contextura  testae  vitrea,  pellucida,  nitens." 

Seguenza's  interesting  genus  Ellipsotdina  is,  1  am  con- 
vinced, very  nearly  related  to  the  types  included  by  Reuss  in 
this  family ;  and  the  descriptive  characters  above  quoted 
would  need  but  little  modification  to  admit  a  form  which 
differs  chiefly  from  Chilostomella  in  the  segments  springing 

*  *  Rec.  Foram.  Gt.  Br./  p.  93,  pi.  7,  fig.  204. 
2  *Proc.  Roy.  Soc.,*  vol.  xxv,  p.  214. 
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r  from  one  etid,  instead  of  alternately  from  the  two 
estrrmities. 

The  test  of  Ckilostumella  may  be  described  in  general 
terms  as  comjiosed  of  a  series  of  nearly  symmetrical,  ovate,  or 
elliptical  aegments,  eHch  enclosing  the  whole  of  that 
preiionsly  formed,  with  the  exce|)tion  of  a  small  portion  ol 
Its  end.  The  order  of  the  segments  is  alternate,  that  is  to 
say,  they  are  put  on  lirst  from  one  end,  then  from  the  other. 
The  line  of  union  is  not  directly  transverse  but  dips  towards 
one  side,  ao  that  more  of  the  peuultimale  chamber  is  exposed 
at  one  side  than  at  the  other.  The  aperture  is  crescentic, 
•ometimes  bordered  by  a  thickened  lip,  and  always  situated 
on  the  margin  of  the  final  segment  in  the  region  nearest  lo 
the  apex  of  the  shell.  In  shape  the  test  varies  from  an 
elongate,  sub-cylindrical,  to  a  short,  rounded,  oval,  between 
whion  extremes  every  variety  of  contour  may  be  met  with ; 
the  ends  are  sometimes  blunt  and  rounded,  sometimes  more 
or  leas  tapering,  so  that,  unless  Professor  Reuss*s  two 
Bpeciea  {Ch.  ocoidea  and  Cli.  Czjzelii)  have  some  belter  dis- 
tu^oisbing  feature  than  mere  size  and  external  form,  they 
may  «fj  safely  be  resolved  into  one.  In  deep  water  the 
Kpcciaen*  are  often  more  delicate  and  transparent,  and  aUo 
more  elongate  than  in  shallow  seas,  but  this  i$  by  no  means 
•n  iovariable  rule.  One  or  two  individuals  of  this  species 
have  been  found  amongst  the  gatheritigs  of  surface  Foratoi- 
nifen,  but  there  seems  no  reason  to  suppose  that  the  type  is 
Mscntially  a  pelagic  one. 

aUvstomtila  oeatilea  has  been  met  with  at  "  Challenger  " 
BlaticKis  in  the  Xorth  I'aciRc,  South  PaciHc,  and  North 
AUuitic.  It  also  occurs  in  one  or  two  of  the  "  Porcupine  " 
diedgings  from  more  northerly  areas  in  the  Atlantic  than 
any  point  of  the  "Challenger"  voyage,  and  the  Rev.  A. 
M.  Norman  has  obtained  the  species  in  some  abnndanco 
an  the  coast  of  Norway.  The  recorded  depths  of  the 
"Challenger"  dredgings  in  which  it  has  been  found  are 
ortrly  all  betWEcn  3U0  and  600  fathoms,  but  one  of  them  is 
■a  4acp  BM  S300,  and  another  as  E^hallow  ns  95  fathoms. 


Goth*— ALLOMORPHINA,  Sema, 
AuAHOBmiyA  triqoka,  Reua.t.    PI.  VIII,  figs.  IS,  14. 

MImtrrUm  Iriaama,  Rcuu,  1S49.    'Dcnktdir.  d.  mnlb.-mit.  CI.  k.  Aksi!. 
d.  H'iM.,'  vol.  i.  p.  3IJU,  |.I-  1^  l<e  1^- 
—  itvtseta,  ReuM.  1SSU     '  UaitliDi,>«t'»  Abliaudl.,'  vol.  ir,  p,  t^, 

pi.  5.  fig.  6. 
Atlomorphina   differs   from    C/tHottontplta  in 


ass  UllBrB.JUAVf.  .1     '• 

ImviBg  tbrM  olwmbm  to  each  circuit  instead  of  the  alter- 
nariog  two,  KoAf  u  itt  growth  takes  place  on  one  plane,  the 
twt  anumM  «  Mb-tmngular  and  more  or  less  depressed 
contODTt  Then  don  not  appear  to  be  any  morphologicnl 
dittiootion  betneoa  the  two  "  epecies"  above  quoted,  and 
mora  difbxence  of  geological  age  is  of  Utile  value  from  a 
loologioal  ■tandpoiDt;  nor  can  the  fossil  specimens  be 
npuatod  from  uio  recent  ones  by  any  character  of  specitic 
M  erm  Tarietll  dgnificance.  In  the  living  condition 
ABomor]MHa  i»  exceedingly  rare,  and  the  individual 
ipecamnu  are  tmaU  and  delicate.  The  genus  is  supposed 
to  have  made  iU  appear&nce  eavlier  than  its  ally  Chihstomella, 
and  it  ma;  ia  like  maimer  be  the  first  lo  die  out. 

In  two  dredgingi  only  has  Allomorphina  trigona  been 
finmd  recent;  one  of  these  is  from  the  Hyahnema-\^ro\\aA  to 
the  Math  l>f  Japan,  in  345  fathoms,  the  other,  olf  Tahiti,  in 
MO  &thonu. 


Gmm— PATONINA,  ^OrVf0f.    . 
FATomirA   rLABBixiroBHie;  (TOrNpMr.    FL  TnL.fiak, 

■■y,189«.  'J ., 

No.  1,  pi.  10,  flgi.  10, 11 :— UodUcv  i 

D'Orbigny  obtained  this  rare  and  interesting  Foraminifer 
from  Madagascar  prior  to  1826,  and  from  that  time  until  a 
year  or  two  ago,  when  I  had  the  good  fortune  to  meet  with 
it  in  some  sand  dredged  by  my  friend  Dr.  E.  Perceval 
Wright,  in  shallow  water  in  the  Seychelle  Islands,'  it  had 
not  been  found  by  any  subsequent  naturalist,  and  much 
doubt  had  been  expressed  as  to  its  structure  and  affinity. 
Messrs.  W.  K.  Parker  and  T.  R.  Jones  suggested,  in  one  of 
their  papers  on  the  Nomenclature  of  the  Foraminifera,*  that 
it  might  "possibly  be  a  symmetrical  Peneropolia,  more 
probably  a  semi-discoidal  modification  of  Orhitolites."  But 
the  specimens  now  brought  to  light  show  that  its  place  is 
far  from  the  poreellanous  series,  and  that  the  morpholf^cal 
difficulty  has  arisen  from  a  slight  inaccuracy  in  d'Orbignj's 
figure  and  Model,  which  has  probably  arisen  from  defective 
inicroacopic  powers.  Careful  examination  of  the  specimens 
reveal  the  fact,  not  very  clear  at  first  sight,  that  the  early 
chambers  are  not  spiral  or  subspiral,  as  they  appear  to  be, 

•  'Ann.  and  Mag.  Nat.  Hist.,' 1877,  Mr.  4,  vol.  xix,  p.  lOS. 
■  .Il»d.,  1863,  Mr.  3,  vol.  zii,  p.  UO. 
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Ifurtber  that  they  do  not  reach  the  entire  width  of  the  test, 
but  are  Uid  on  alleinately.  In  other  woids,  that  the  shell 
begins  gtonth  as  a  Texttdaria,  and  Bubsequenlly  constructs 
K  single  series  of  Urge,  da(,  arched  segments,  which  give  it 
it*  fan-lilte  contour.  The  shell-wall  is  thin  and  transparent, 
the  perforations  numerous  and  large, and  the  sutures  lirabate. 
The  geDeral  aperture  takes  the  form  of  a  row  of  email  orifices 
on  tfao  outer  face  of  the  terminal  segment.  The  diameter  of 
the  largest  specimen  which  has  been  found  is  -^  inch 
(about  I'O  millim.). 

Paamina  ^aMiiformis  has  been  taken  at  three  of  the 
"  Challenger  "  slntions,  namely,  Nares  Harbour,  Admiralty 
Island:^,  17  fathoms;  off  Culebra  Island,  West  Indies,  390 
fathoms;  nnd  off  the  reefs,  Honolulu,  40  fathoms.  These, 
Kith  the  habitats  furnished  by  the  researches  of  d'Orbigny 
and  the  material  collected  by  l)r.  Perceval  Wright,  represent 
our  knowledge  of  the  distribution  of  the  species. 


G«n«— PLAKORBULINA,  d'Orbigny. 

^^^^MORBrtlJtA  ECHISATAj  tl.  tp.       PI.  YTII,  fig.  31,  8,  8,  c. 

^^^Kpittraeters. — Test  nearly  spherical ;  composed  of  few  seg- 
^^^Ka,  about  four  in  the  last  convolution.  Segments  ven- 
^^^^we,  unequally  arched,  embracing.  Shell  coarsely  perfo- 
rated and  usually  armed  externally  with  short,  blunt  spines. 
Aperture  large,  round,  sometimes  partially  closed  by  n 
^ibally  plate  within  the  bordering  lip.     Diameter   -V  inch 

■:"" 
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affinity  of  this  little  organism  to  the  Hofalln^  is 
by  determined,  notwithstanding  its  anomalous  shape ;  and 
t  bordered  neck  which  forms  the  aperture,  together  with 
the  coane  perforation  of  the  shell-wall,  suggest  its  more 
intimate  connection  with  the  genus  PlanorhuUna.  It  is  a 
minute,  inconspicuous  species,  nn<I  cannot  well  be  confounded 
with  any  previously  known. 

Planorwilma  rrhinata  has  its  home  amongst  the  coralline 
•anils  of  shallow  seas,  and  has  been  found  at  ten  or  twelve 
of  the  "Challenger"  stations, chiefly  amongst  the  islands  of 
the  Paeific.  Except  in  one  locality,  Nare^  Harbour  just 
MWlh  of  (he  Equator,  the  number  of  specimens  from  any 
•ingle  babital  is  very  small. 


a 
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<y^t^«— GLOBIGERINA,  d'Orligny. 

The  extent  and  variety  of  the  *'  Challenger''  soundings  and 
the  large  area  over  which  the  tow-net  was  employed  during 
the  expedition  have  furnished  opportunity  for  a  somewhat 
comprehensive  examination  of  the  shells  of  Olobigerina  and 
the  allied  genera.  It  would  be  impossible  in  a  mere  preli- 
minary paper  like  the  present  one  to  treat  the  subject  even 
briefly^  m  its  numerous  aspects^  neither  could  it  be  done  to 
any  good  purpose  without  the  assistance  of  a  large  series  of 
illustrative  drawings.  These  will  appear  in  due  course^  and 
with  them  some  attempt  at  a  complete  history^  but  in  the 
meantime  there  are  one  or  two  points  that  may  be  concisely 
touched  upon^  such  as  the  range  of  morphological  variation 
presented  by  the  shells  of  the  GlobigerincB^  and  the  better 
definition  of  the  quasi-specific  forms^  together  with  certain 
more  general  questions  affecting  the  surface-fauna  of  the 
ocean  so  far  as  it  consists  of  calcareous  Bhizopoda. 

Professors  W.  K.  Parker  and  T.  Rupert  Jones,  in  their 
philosophical  and  valuable  memoir  on  ^  Foraminifera  from 
the  North  Atlantic  and  Arctic  Oceans/^  record  the  occur- 
rence of  only  two  species  of  Globigerina  (proper),  the  typical 
Gl.  bullotdes  and  GL  injlata  ;  and  in  their  supplementary 
tables  recognise  but  two  others,  GL  lielicina  and  Gl.  hirsuta. 
The  limited  number  may  be  accounted  for  by  the  researches 
of  these  authors  having  been  conducted  chiefly  amongst 
the  northern  and  relatively  stunted  representatives  of  the 
group,  and  the  characters  assigned  to  the  genus  are,  no  doubt, 
more  or  less  aflfected  by  the  same  circumstance.  Their 
generic  definition,  which  agrees  in  all  essential  points  with 
Dr.  Carpenter's  more  extended  description,^  runs  as  follows  : 

"  The  shell  of  Glohigerma  is  composed  of  a  series  of 
hyaline  and  perforated  chambers,  of  a  spheroidal  form, 
arranged  in  a  spiral  manner,  and  each  opening  by  a  large 
aperture  around  the  umbilicus,  in  such  a  manner  that  the 
apertures  of  all  the  chambers  are  apparent  on  that  aspect  of 
the  shell,  and  form  a  large  '  umbilical  vestibule'  "  {loc.  cit., 
p.  S6b),  It  will  be  seen  as  we  proceed  that  these  characters 
only  apply  to  one  section  of  the  genus,  and  that  possibly  not 
the  most  important,  and  it  may  even  be  open  to  question 
whether  Glohigerina  hdloides^  the  hitherto  accepted  type  of 
the  group,  is  really  its  best  representative.  I  propose,  there- 
fore, to  enumerate   the  ''  species"   which   I   have  found  it 

»  *  Phil.  Trans.,'  1S65,  vol.  civ. 
«  *  Introduction;  p.  181. 
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iceseary  to  recoEnise  and  to  give  briefly  the  (liBtinguiBhiDg 
Iters  of  each. 
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llobigerina  bulhidea,  d'Orbigny  ('  Annnles  des  Sci.  Nat.,* 
B,  vol.  vii,  p.  277,  Modules  No.  17  and  76).— D'Orbigny 
described  this  species  at  four  or  five  different  times  and 
□ever  in  quite  identical  terms,  but  his  Model  No.  76  may 
be  accepted  as  a  fair  summary  of  the  characters  intended, 
and  this  presents  the  general  features  of  the  variety  most 
abuudaut  in  the  northern  seas.  The  test  is  convex,  the 
sefiments  spherical  and  few  in  number,  that  is,  about  four  in 
:b  convolution  and  seldom  more  than  two  convolutions, 
the  inferior  surface  is  excavated  at  the  umbilicus,  forming  , 
ce«s  or  vestibule  into  which  the  apertures  of  the  indi- 
Ittal  segments  are  directed.  In  this  simplest  form  we  have 
tangible  and  easily  rccogniseJ  starting-point.  Though  it 
docs  not  represent  the  best  development  of  the  type  it  is  the 
beginning  of  a  chnin,  the  successive  links  of  nhich,  some  of 
nter  some  of  less  morphological  signihcance,  have  none 
ithem  any  pretension  to  rank  as  true  sjjecies,  hut  which 
wtively  extend  over  an  area  of  variation  so  large  that 
salient  points  must,  of  necessity,  be  distinguished  by 
'rial  names.  The  fullowiog  notes  indicate  the  directioiia 
in  which  these  variations  take  place,  the  right  precedence  in 
nvmeticlature  being  as  far  as  possible  observed. 

QUAigerina  dubia,  Egger  ('  Neues  Jahrh.  fiir  Miu.,'  1857, 
"81, pi. 9,  figs.  7 — 9) — represents  the  best  developmentof  the 
Ifow/r-f"  type.  It  has  a  fine,  thick,  regular  shell  with  about 
m  convolutions, each  consisiingof  five  or  sixsegnients.  The 
■lenta  are  relatively  small,  the  peripheral  margin  rounded 
I  lobulate,  nnd  the  umbilical  vestibule  deeply  sunk. 

higerina  rretacea,  d'Orbigny  ('  Mem.  Soc.  g4ol.,  Fr.,' 
fir^p.  34,  pi.  3,  figs.  12 — 14) — is,  on  the  other  hand, 
luTcd  form,  of  small  dimensions,  thin  and  flat-Copped, 
f  inferior  surface  concave.  It  also  shows  the  umbilical 
^Mttibule,  and  differs  from  Ol.  httUoides  chiefly  in  its  depressed 
contour,  and  the  mote  compact  fitting  of  the  segments, 
especially  the  earlier  ones. 

GhhigerinaitifHilateraUt,  nov.— This  is  a  varictyapproach- 
ing  Hiulvferina,  in  general  form.  The  test  is  planospiral 
u^  gymmctrical,  not  Koialian  ;  it  consists  of  but  little  more 
than  a  stogie  convolution,  and  the  whole  ot  the  segments  are 
•onetimes  visible  on  both  sides.  The  final  segment  is  often 
imaUet  than  the  penultimate,  as  is  sometimes  also  the  cass 
WiUi  01.  erftac«a. 
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Ohhigerina  digitata,  nov. — is  a  very  singular  modification 
of  the  type^  and  one  that  has  not  hitherto  been  described. 
Tlie  earlier  segments  are  commonly  regular  and  trochoid, 
but  the  later  ones  are  much  elongated  and  spreading. 
In  some  specimens,  generally  of  small  size,  the  final  segment 
only  is  extended,  like  the  index  finger  of  the  hand,  but  in 
others,  two,  three,  or  more  chambers  radiate  in  palmate 
fashion.  The  apertures  of  the  chambers  have  thickened  or 
lipped  borders.  It  is  a  rare  form,  and  usually  of  small  size, 
3V  inch  (0*5  millim.),  but  in  one  dredging  specimens  have 
been  met  with  measuring  -^  inch  (1*5  millim.)  in  diameter. 

Globigerina  inflata,  d^Orbigny  ('  For.  Canar./  p.  184.  pi. 
2,  fig.  7 — 9) — is  of  plano-convex  shape,  the  superior  or  spiral 
face  being  flat,  the  inferior  convex.  There  is  no  umbilical  ves- 
tibule, and  the  aperture  of  the  last  segment  is  the  only  orifice 
which  is  visible  externally ;  this  is  large  and  gaping,  and  con- 
stitutes a  distinctive  feature.  Ol.  inflata  is  the  isomorph  of 
Rotalia  Soldanii  and  PulvintUina  crassUf  and  it  is  even 
difficult  sometimes  to  distinguish  it  from  the  latter  species. 

Ohhigerina  Dutertrei,  d'Orbigny  (*  Foram.  Cuba,*  p.  95, 
pi.  6,  fig.  22 — 24). — I  am  disposed  to  recognise  this  as  a 
convenient  name  for  a  small,  thick,  rounded  variety,  more 
compactly  built  than  GL  bulloides,  and  having  no  um- 
bilical vestibule,  but  a  single,  comparatively  small,  arched 
orifice,  with  thickened  Up.  It  has  neither  the  flat  superior 
surface  nor  the  gaping  aperture  of  GL  injlaia. 

Globigerina  rubra,  d'Orbigny  ('  Foram.  Cuba./  p.  94, 
pi.  4,  fig.  12 — 14) — exhibits,  perhaps,  the  most  important 
deviation  of  all  from  the  type  of  structure  with  which  we 
started.  The  test  is  more  or  less  trochoid,  often  relatively 
very  tall,  and  has  about  three  segments  in  each  convolution. 
The  inferior  surface  has  one  arched  aperture  on  the  umbilical 
margin  of  the  last  segment,  but  many  of  the  segments 
have  either  one  or  two  large,  more  or  less  rounded  orifices 
on  their  superior  surface,  close  to  the  sutural  depressions. 
Fresh  specimens  have  a  pink  tinge,  and  the  earlier  cham- 
bers especially  are  often  of  very  bright  colour.  It  is  to  be 
regretted  that  d^Orbigny^s  name  for  this  species  should  have 
been  associated  with  so  variable  a  characteristic  as  colour,  the 
more  so  as  in  his  description  he  makes  prominent  allusion 
to  the  numerous  apertures.  Several  of  the  Glob\gerin<£ 
show  a  tendency  to  pink  colouration,  though  none  to  the 
same  extent  as  GL  rubra, 

Globigerina  conglobatay  nov. — is  a  large  subglobular  modi- 
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fleatioo  of  ibe  "  rubra  "  type,  in  which  the  early  legmenta  are 
^^^KmU  uid  compactly  arranged,  and  the  spire  ccavex  rather 
^^^■bn  trochoid ;  the  later  segments  are  large,  particularly 
^^^Ht  three  fonning  (tie  final  convolution,  and  disposed  so  as 
^^^Bgive  a  convex  base.  The  aperiures  on  the  superior  surface 
^^Hfe  numerous,  and  the  test  is  thick  and  coarsely  perforated. 


pieci 


_  Olohigtrina  taccvlifera,  Brady  {'  GeoL  Mag.,'  Decade  ii, 
»oL  iv,  p.  535). — This  is  a  distinct  and  conspicuous  variety, 
briefly  noticed  in  a  short  paper  on  ihe  Foraminifera  of  a 
piece  of  while  friable  limestone  from  the  New  Britain  Group 
"  «.  cit.).  It  is  characlerised  by  its  large  outspread  test,  of 
which  the  terminal  chamber  oi  chambers  are  pouch-shaped 
pointed.  The  apertures  on  the  superior  surface  arc 
_jiinie«m6 ;  that  of  the  final  segment  is  sometimes  directly 
over  the  inferior  orifice,  making  a  passage,  as  it  were, 
right  through  the  shell. 

Gf<Aig<nna  helirina,  d'Orbigny  ('  Ann.  Sci.  Nat.,'  voL  vii, 
W*79,  No.  5 ;— Soldani, '  Testaceographia,'  vol.  i,  pt.  »,  pi. 
Tt,  ^^.pp,  qq,  rr) — is  an  anomalous  oblong  form  and  one 
^jely  met  with.  It  is  not  easy  to  describe  it  intelligibly 
without  the  aid  of  figures.  It  most  resembles  an  ordinary 
small  Olobigerine  shell,  n-ith  the  addition  of  a  little  inflated 
chamber  at  two  opposite  points  of  its  periphery.  The  superior 
surface  is  obscurely  spiral  and  shows  two,  three,  or  more 
nperlures.  The  inferior  side  has  four  visible  segments;  two 
Urge  and  oblong,  laid  side  by  aide,  and  two  small  and  in< 
Aated,  one  at  each  end  of  the  teat ;  the  later  have  inferior 
rttirr*.  It  U  possible  that  Gl.  helicina  may  represent  a 
s  condition  rather  than  one  of  the  more  permaaent 
Itieties  of  the  type.  I  have  met  with  precisely  analogous 
,ieimensin  two  oilier  allied  genera,  and  these  have  been 
tmlcd  as  abnormal  developments  of  the  species  to  which 
ihsy  arc  related,  namely,  PuUettia  ohliquehculata  znA  Can- 
dema  uitiila.  Justice  has,  perhaps,  scarcely  been  done  to 
_»  acearacy  of  Soldani's  diawings  in  the  present  instance. 
1^.  Carpenter  ('  Inttod.,'  pi.  1^,  fig.  ]  employs  the  name 
I,  Micaut  for  what  appears  to  be  only  an  immature  speci- 
n  of  a  quite  different  variety  (67.  tucculifent).  Of  the 
H  figures  in  the  'Testaceographia,'  referred  to  by 
DrbtgnV)  that  marked  qq,  which  gives  both  the  superior 
^^_  ialertor  itspvcl*  of  the  shell,  is  the  most  cha  raclerisltc, 
■lid  leaves  nothing  to  be  desired  in  point  of  defi  nitioii. 


4 

^ 


Aate^, 

^^■torttii 

^^Kietit 

iTWtcd 
ihvy  a 
dmia  \ 


There  U  Uttle  difficulty  in  distributing  the  Ohberigin 
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the  "  Challenger"  collection  amongst  the  salient  tjpes  above 
enumerated,  and  the  few  exceptions  that  occur  are  chiefly 
in  the  case  of  specimens  which  are  obviously  monstrous. 
Nothing  has  been  said  of  the  spinous  or  hirsute  surface- 
armature  in  the  light  of  a  zoological  character,  because 
it  appears  to  possess  no  specific  or  even  varietal  value. 
Examples  of  almost  every  ^'  species"  embraced  in  the 
foregoing  descriptions  are  met  with  from  time  to  time, 
more  or  less  covered  with  long  silky  spines,  but  such  speci- 
mens are  naturally  much  more  common  amongst  those  taken 
at  the  surface  of  the  sea  than  in  the  contents  of  the  dredge, 
and  the  spinous  condition  is  more  generally  noticed  in  young 
and  small  than  in  fully-grown  shells. 

There  are  a  few  recorded  forms,  though  very  few,  that 
cannot  properly  be  asigned  to  any  of  the  species  in  the  fore- 
going summary.  Of  these,  Globifferina  marginata  CELeussy  is, 
perhaps,  the  most  important,  as  it  is  one  of  the  best  defined 
Cretaceous  forms.  It  belongs  to  the  *'  buUoides  "  group,  and 
to  repeat  the  comparison  with  the  genus  Ptdvintdina,  it  is 
the  isomorph  of  P.  Menardii,  just  as  Globigerina  injlata  is 
the  isomorph  of  P.  crassa,  I  do  not  recollect  ever  having  seen 
GL  marginata  in  the  recent  condition,  nor,  indeed,  otherwise 
than  as  a  Cretaceous  fossil.^  Two  other  species,  GL  elecata, 
d'Orbigny,  and  GL  trochoides,  Reuss,  have  also  been  de- 
scribed from  Cretaceous  specimens,  but  I  have  been  un- 
able to  identify  them  Avith  any  forms  I  am  acquainted 
uith.  Both  of  them  bear  some  resemblance  to  Globigerina 
rubra  in  their  general  features,  the  latter  especially  so,  but  the 
published  drawings  have  no  indication  of  orifices  on  the 
superior  surface. 

It  will  have  been  gathered  from  the  foregoing  ^v'^j/wc^^  that 
the  spiral  Globigerina  may  be  roughly  divided  into  three 
groups  on  the  basis  of  the  position  and  character  of  the 
general  apertures,  and,  to  a  less  degree,  on  the  contour  of  the 
test.  These  are — 1st.  The  forms  with  an  excavated  cavity 
on  the  inferior  surface  ("  umbilical  vestibule") ,  into  which 
the  orifices  of  all  the  segments  open — type,  Globigerina  bul- 
hides,  2nd.  Those  with  only  one  external  orifice  situated  on 
the  face  of  the  terminal  segment,  at  its  point  of  junction  with 
the  previous  convolution — type,  GL  infiata.     3rd.  Those  in 

*  ^(Aalina  marginata,  Keuss,  1S45.  *  Verstein,  Bohni.  Kreid,*  pt.  1, 
,  86,  pi,  13,  fig.  7^.  Figured  better  in  a  subsequent  paper  *Denkschr.  d. 
.  Akad.  Wiss.,*  vol.  vii,  pi.  2C,  fig.  1. 

*  Ittopos&ible  that  the  Eosal\na  Linnei  ^^*Foram.  Cuba,*  p.  106,  pi.  5, 
10—19.  called  2?.  Linntiana  in  the  text),  found  by  d'Orbigny  on  the 
•  of  Cuba,  maj  be  the  living  representative  of  this  species. 


I 
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bich  the  inferior  aperture  is  siogle  and  relatively  small, but  is 

ilemented  by  cgnspicuoiis    orifices   on  the   superior  or 

il  surface  of  the  lest — type,  Gl.  rubra. 

But,  in  addition  to  the  spiral  Globigtrim?^  or  rather  those 

it  appear  so  externally,  there   are  certain  spherical  forms 

coDsUluting  the  reputed  genus  OrhuHna.      Without  entering 

inM  minutie,  OrbuUna  may  be   defined  as  a  minute,  ihin- 

nalled,  Olobigerine  shell  enveloped  in  a  large  globular  final 

chamber.     Esamples  are  not  wanting,  amongst  other  genern, 

of  varieties  leading  up  to  similar  conditions,  but  in  none  is 

ibe  phenomenon  bo  completely  developed.     In  my  previous 

paper  I  have  indicated  the  fact,  suggesting,  by  its  uniformity, 

u  ^neral  law,  that  when  a  Foraminifer  forms  an  abnormally 

large  »smeut,  growth  is  arrested  and  no  more  chambers  are 

roduoed.     Amongst  spiral  Foraminifera  Cymbalopora  buU 

ide*  affords  the  most  familiar  example  of  a  species  with  a 

shape<l   final  segment,  but  the   same  peculiarity  is 

relopedina  less  degree  in  certain  modificationsof  DiJCordiNa 

'  Puteinulina.     All  these  forms  have  another  character  in 

imon  with  Orbultna,  namely,  a  double  series  of  perfora- 

s;  that  is  to  say,  the  wall  of  the  inflated  chamber  has 

sorts  of  orifices,  differing  ia  size,  the  one  set  numerous 

nnd  unifomlv  very  minute,  the  other  uniformly  large  and 

fewer  in  number. 

The  question  arises  whether  the  characters  exhibited  by 
9  OfDuline  forms  are  to  be  regarded  as  of  mere  varietal 
tfieance  or  as  sutScient  to  warrant  subgeneric  or  generic 
The  reply  seems  to  be,  that  the  close  affinity  to 
ia  best  expressed  and  zoological  convenience  is 
served  by  accepting  OrbuUna  as  a  subgeneric  type  of 
gmaa. 

Ololngeritta  {OrbuUna)  unircria,  d'Orbigny  ('  Foram., 
t'uba,'  p.  S5,  pi,  I,  fig.  1 ) — is  figured  by  d'Orbigny,  Willinm- 
fon  and  others  as  a  small  spherical  shell  of  yellowish  hue, 
with  a  neat,  round,  general  aperture  in  addition  to  the  per- 
~  ilion*  thnl  have  been  already  alluded  to;  hut  Pourtales, 
md  Carpenter  hnv«  all  dwelt  on  the  fact  that 
large  orifiM  only  appears  in  a  minority  of  the  specimens 
d.  I  am  inclined  to  go  a  good  deal  further  and,  though 
prvpared  lo  say  that  it  does  not  sometimes  exist,  I 
ITS  tt  to  be  very  rarely  indeed  that  a  fresh  shell  possesses 
haa  any  riaim  Lo  be  considered  a  general  apertun.'. 
looking  over  thousands  of  specimens  1  have  not  been 
a  find  one  from  which  a  drawing  like  those  of  (he  text- 
could  be  made.     In  dredged  specimens  large  orifices 
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are  not  uncommon^  but  they  occur,  as  often  as  not^  two  or 
three  to  a. shelly  and  they  either  have  abrupt  angular  edges^ 
indicative  of  accidental  fracture^  or  they  are  found  at  spots 
where  the  shell  has  been  previously  worn  very  thin.  It 
must  be  remembered  that  the  nature  of  the  perforations 
which  already  exist  in  the  shell-wall  is  one  peculiarly  favor- 
able to  the  formation  of  larger  orifices  by  abrasion  or  pres- 
sure. The  matter,  perhaps,  is  not  one  of  very  great  conse- 
quence, seeing  that  it  is  admitted  on  all  hands  that  a  general 
aperture  is  not  an  essential  or  even  a  usual  characteristic 
of  Orbulina.  In  Cymbalopora  under  similar  circumstances 
the  general  aperture  is  wanting,  and  a  series  of  large  per- 
forations, in  addition  to  the  normal  minute  ones,  takes  its 
place,  and  there  are  other  types  of  Foraminifera  that  have  a 
number  of  conspicuous  pores  on  the  face  of  the  terminal  seg- 
ment when  it  is  of  abnormally  large  size.  It  appears  to  me 
clear,  therefore,  that  of  the  two  sets  of  perforations  in  Orbu^ 
Una,  the  larger  ones  stand  in  lieu  of  the  aperture  or  aper- 
.tures  of  the  normal  Globigerine  shdl. 
• 
GL  [Orbulina)  neq/urensis^  Karrer  (^  Sitzungsb.  d.  k.  Akad. 

Wiss.,'  vol.  Iv,  p.  868,  pi.  3,  fig.  10). — The  surface  of  the 
test  in  many  species  of  helicoid  Globigerince  often  bears  a  sort 
of  honeycombed  or  reticulate  ornamentation,  best  observed 
in  specimens  collected  at  the  surface  of  the  sea.  This  pecu- 
liarity is  seltlora  met  with  in  the  Orbuline  varieties,  but  Dr. 
Karrer  has  described  and  figured  such  a  specimen  amongst 
other  fossil  microzoa  from  the  '^  White  Jura  "  of  St.  Veit, 
near  Vienna,  under  the  name  above  quoted.  Dr.  Wallich 
has  a  drawing  of  a  similar  shell  in  his  memoir  on  the 
*' North  Atlantic  Sea-bed,"  pi.  6,  tig.  9,  and  examples  of 
the  same  form  have  been  met  with  both  by  the  llev.  A.  M. 
Norman  and  myself  in  recent  Globigenna-oozQ  ;  but,  both  in 
the  recent  and  fossil  condition,  the  variety  is  exceedingly  rare. 

Under  the  name  Globigerina  bilobata  ('  For.  Foss.  Vien.,' 
"*  164,  pi.  9,  fig.  11 — 14)  d'Orbigny  has  figured  what 
Mm  to  be  only  a  double  Orbulina  with  slightly  reticulated 
IM.  Monstrosities  of  this  kind  are  by  no  means  uncom- 
(  wIiereTer  Olobigerin^e  abound,  and  sometimes,  though 
frtquently,  specimens  with  two  supplementary  chambers, 
>  on  taoh  side  of  the  parent-cell,  may  be  met  with.  On 
I  grounds  it  does  not  seem  worth  binomial  distinction. 
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<?«)M— HASTIGERINA,  Wycille  Thomson. 
Hastioesina  pelaqica,  {d'Orhigny). 


r,  d'Oibien 


1S30. 


.  kxait.  Mirid.,'  p.  27, 
'PLil.  Tmub.,'  vol.  elf, 


An  orgKBism  very  closely  allied  to  Glohit/erina,  with  whicli 
it  currespontls  also  in  its  pelagic  habit.  It  is  not  easy  to 
find  itoological  characters  to  separate  the  ttvo  genera,  but  the 
nautiloid  symmetry  of  the  test  of  Hastigerina,  its  extreme 
tenuity,  the  embracing  contour  of  the  suecessive  convolutions 
(Uio  constituent  chambers  of  which  spriug  from  the  umbilicuB 
on  t-ithcr  side),  and  the  large  opening  ou  the  face  of  the 
ultimate  segment  that  serves  as  the  aperture,  are  perhaps  its 
distinctive  peculiarities.  The  empty  shells  are  seldom  found 
amongst  dredged  sand  or  ooze,  and  when  they  do  occur  they 
arc  invariably  much  broken,  owing  to  the  delicacy  of  the 
calcareous  walls.  When  living  the  test  is  armed  with  long 
•[nne*,  but  the  bases  of  these  alone  are  left  in  the  dcttd  shells 
found  at  the  bottom. 

Under  the  name  NQiiionina  pelayica,  d'Orbigny  describes 
and  figures  what  is  manifestly  tho  present  species  Uoc.  cit.), 
and  appends  the  fuUowing  remark: — "Cette  espece  est  une 
rare  exception  parmi  les  Fora  minify  res  essentiellement 
cotien,  pubque  nous  I'avona  prise  en  pleine  mer,  A  une 
l^raode  iiistaace  des  cotes  du  P^rou,  dans  I'oc^au  Fucilique, 
par  SO*  d«  latitude  sud  et  89^  de  longitude  onest  de  Paris, 
ua  ellt!  nous  a  paru  tt^s  rare."  His  figure  represents  a  shell 
•otDcwhal  Salter  than  most  of  the  "Challenger"  specimens, 
with  the  sutures  and  umbilicus  rather  more  depressed,  and 
if  tbfRC  characters  should  be  found  sufficient  to  distinguish 
Uw  two,  Sir  AVyville  Thomson's  specific  or  varietal  name 
Bii^t  be  retained  for  the  more  spheroidal  form. 

Octm*— CANDEINA,  d'Orbigny. 

Camdbixa  sitida,  (TOriiyjiy. 

loogit  the  Foraminifera  from  various  habitats  figured  by 

btgny  iu  the  final  plate  of  his  "  Vienna  Basin  "  mono* 

graph,*  arc  serenil  that  have  been  a  source  of  difficulty  to 

■abMMiaeDt  Bbisopodisis,  perhaps  none  more  bo  than  Can- 

■  '  for.  Pou.  Vi«D.'  p.  SOS,  pL  !1,  fig.  S3. 
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deina  nitida.  Except  its  recent  mention  by  name  amongst 
the  species  found  by  the  Rev.  A.  M.  Norman  in  the  dredged 
material  obtained  on  the  "  Valorous  '•  cruise^  I  cannot  find 
that  it  has  been  the  subject  of  actual  observation  with  any 
author  since  d'Orbigny's  time,  and  hence  conjectures  as  to 
its  position  and  affinity  have  fallen  somewhat  wide  of  the 
mark.  Max  Schultze,  in  his  scheme  of  classification/  places 
Candeina  in  the  Subfamily  Uvellida,  between  Guttulina  and 
Olobulina,  two  sections  of  the  genus  Polymorphina ;  and 
Von  Keuss,^  after  expressing  uncertainty  as  to  its  right  zoo- 
logical position,  suggests  that  it  possibly  represents  a  new 
and  distmct  family,  or  if  not,  that  perhaps  it  might  be  classed 
with  the  Polymorphina. 

The  genus  Candeina  does  represent  a  distinct  type  of  Fo- 
raminifera,  but  not  a  distinct  family.  Its  affinity  is  to  Glo- 
higerina,  and,  with  specimens  to  refer  to,  its  characters  are 
easily  comprehended.  The  test  is  spiral  and  trochoid,  the 
segments  globose,  and  usually  three  to  each  whorl.  The 
earlier  chambers  are  minute,  the  later  ones  relatively 
very  large;  the  test  is  exceedingly  thin  and  smooth  and  has 
a  slightly  yellowish  tinge ;  the  perforations  are  so  fine  that 
under  a  moderate  magnifying  power  it  appears  imperforate. 
Instead  of  a  single  general  aperture  it  is  provided  with  a 
series  of  little  rounded  orifices,  following  the  septal  lines, 
most  noticeable  on  the  sutures  of  the  later  chambers,  and 
soon  on  both  tho  superior  and  the  inferior  surface  of  the  test. 
In  tliis  respect  it  resembles  the  Glohigerince  of  the  'Wubra'^ 
group,  but  the  oritices  are  smaller  and  more  numerous  and 
they  are  regularly  disposed. 

I  have  found  Gindcina  nitida  amongst  other  pelagic 
Foraminifera  from  one  surface  gathering  (Philippine 
Islands).  Its  occurrence  in  the  '*  Challenger "  bottom- 
dredgings  is  pretty  much  confined  to  the  South  Atlantic  and 
South  Pacific.  D*Orbigny  states  {loc.  cit,),  "Nous  ii^en  avons 
qu*uue  seule  esj>ece  des  Antilles.  Nous  dedions  ce  genre  a 
M.  Ferdinand  de  Cande." 


Notes  on  Peloffic  Foramiinfera. 

mplojnient  of  the  towing-net  during  the  cruise  of 
bAmnger  **  to   an   extent   never   before   attempted, 
i  MTeiul  preservation  of   the  animal  and  vegetable 
M  collected  bv  its  means,  have  furnished  the  ground- 
iM  only  for  a  better  appreciation  of  the  nature  and 
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lotions  of  life  at  tlu'  surfiice  of  the  oceBn,  but  also  foi'  a 
more  accurale  compnmon  of  its  fauna  with  tli&l  of  the  sea- 
bottom  th«ii  has  heretofore  heeii  possible. 

The  earliest  allusion  to  Foraminifera  takea  at  ihe  surface 
of  ibe  «*  is  probably  d'Orbigny's  note  on  "  Nonionina" 
ptlaffica  which  has  been  already  quoted ;  this  was  in  the  year 
183i>.  There  is  no  difficulty  in  identifying  the  drawings  of 
the  spt-cimens  theu  found  with  Sir  Wyville  Thomson's 
Efotligerina  Murratjtina,  or  its  congeners. 

In  181S7,  Mr.  J.  D.  Macdonald'  figured  a  small  spinous 
G/piijrffTiMa,  which  he  describes  as  "the  species  most  usually 
taken  at  the  surface  of  the  ocean."  In  the  spring  of  thf 
niiie  year  Or.  Wallich  and  Captain  and  Mrs.  Toynbee 
appear  also  to  linvc  collected  pelagic  Giobigpritite,  but  no 
considerable  addition  was  made  to  our  knowledge  of  the 
•uliject  utitil  tea  years  later,  when  ^lajor  S.  R.  I.  On-eu  con- 
tribaled  to  the  'Journal  of  the  Linnean  Society  '^  a  paper 
"Oo  the  Farface-fuuna  of  Mid-Ocean,"  which  contained  our 

I  detailed  account  of  jiclagic  Rhizopodn,  and  Ihe  first 
aiion  of  the  fact  that  the  genus  Pulvinuiina  was  almost 
portant  a  constituent  of  the  surface- fauna  as  Globiyerina 
Major  Owen's  gatherings  contained  the  following 
— I  give  them  under  the  names  employed  in  hie  paper — 


iriam  Ulhiiifi,  d'Oib. 
UrnU,  (t'Oib. 

—        —  (vmHmki,  Owen. 


01.  (Otbulitia)  aeema,  Oivcn. 
Pttkinulim  Menariiii,  d'Orb. 

—  MMrintiii.  d'Orb, 

—  mcMisiana.  d'Orb. 

—  «ra;a.  d'Orb. 


liree  of  lhe»e  have,  as  I  think,  no  claim  to  rank  as  species 
1  as  named  varieties — but  tliis  is  a  question  that  need 
|,1»e  debated  here. 

I  S[RJor  Owrn'g  memoir  the  only  recorded  observations 
X  on  th«  subjrcl  are  to  be  found  in  the  brief  notes  sent 
\  from  time  to  time  by  Ihe  "Challenger  "staff,  and  in  the 
y  of  the  zoological  work  accomplished  on  bonrd  the 
„,  furnished  bv  Mi.  Murray  for  the  'Proceedings  of  the 
il  Society '  in  l6"6.'  These  refer  chit-fly  to  points  connected 
ll  Ihe  lifishiKlory  of  Ohbii/^rina  and  Hastigti-ina. 
cilitiea  haw  been  afforded  ine  for  the  examination,  not 
■■nlj  of  the  extensive  series  of  mountings  made  by  Mr. 
Uanay  on  tb«  spot  from  the  contents  of  the  tow-net,  but 
jjao  of  portions  of  the  various  bottles  of  surface  organisms 

il  M«|t.  S«i.  Hi«.,'  •«.  i,  Tol.  11,  p.  aofl,  pi.  7. 
uUb&  Sw   UmA..-  1867,  vol.  U,  -'Zoology,"  pp  US— 1&7. 
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which  were  preserved  in  bulk,  and  I  have  been  enabled 
thereby  to  increase  considerably  the  category  of  known 
pelagic  species.  The  following  list  is  as  nearly  complete  as 
I  am  at  present  able  to  supply,  but  it  is  not  improbable  that 
there  may  be  one  or  two  varieties  of  Globtgerina  still  to  add. 
The  Globtgerina  hirmia,  Gl.  {Orbulitia)  acerosa,  and  Gl. 
{Orb.)contineHs,oi'%la.iQT  Owen's  paper,  ate  all  abundant  in 
the  "  Challenger "  gatherings,  but  their  characters  do  not 
appear  to  be  sufficiently  distinctive  nor  sufficiently  uniform 
to  warrant  separation  from  their  congeners,  and  they  have, 
therefore,  been  omitted  from  the  list,  or  rather,  are  included 
in  the  species  to  which  I  believe  them  to  belong. 


Olabiffmna  buUoidtt,  il'Orb. 

—  iKfiaia,  d'Orb. 

—  rubra,  il'Oib. 

—  iacimli/ira.  Brady. 

—  eonglobala,  noT. 

—  aquilateralii,  nov. 
01.  {Orbuliiio)  micerta,  d'Orb. 
Uattigtriita  felagiea  (d'Orb). 

—  —    TMi  Murraj/ami, 
Wy.T. 


PulUnia  eilijueloculalo,  F.  aad  J. 
Sphitroidiita  ikAiiceiu,  P.  aud  J. 
CaHdeiim  uiliiia,  d'Orb. 
FuleiuuUna  Sleiardii  (d'Orb). 

—  M««ri«««  (d'Orb). 

—  erwoa  (d'Orb). 

—  Michelimaiu  (d'Oib). 
Cjimbalopora  tulhidsi,  d'Orb. 

Ciitoitomella  oroidai,  Reuss. 


Some  few  of  these,  notably  Candeina  nUida  and  Chilt>- 
itomeUa  ovoidea,  are  of  extreme  rarity  in  the  surface  gather- 
ings, whilst  Hasfiffcrina  pelagicn  and  Cymbalopora  buUoides, 
though  tolerably  abundant  at  timeSj  are  very  local  in  their 
distribution. 

So  much  has  been  written  on  the  relation  of  the  surface 
Rhizopod-fauna  to  the  organic  remains  found  at  the  sea- 
bottom,  and  the  conclusions  arrived  at  by  different  obsenrers 
are  so  diverse,  that  a  brief  statement  of  the  facts  brought 
into  prominence  by  these  investigations,  may  not  be  without 
its  use.  On  a  question  concerning  which  so  little  in  the 
nature  of  positive  evidence  can  be  adduced,  it  is  necessary 
to  speak  with  great  caution,  and  it  is  possible  that  even 
now  we  are  not  in  a  position  to  arrive  at  more  than  pro- 
visional inferences.  My  own  observations  have  been  directed, 
firstly,  to  the  comparison  of  the  general  aspect  of  the  fauna 
of  the  surface  with  that  of  the  bottom  j  and  secondly,  to  the 
comparison  of  individuals  of  the  several  species  found  under 
the  two  conditions,  in  respect  to  their  shell-structure  and 
similar  particulars. 

The  list  that  has  just  been  given  includes  all  the  species 
known  to  enjoy  a  pelagic  existence,  and  of  the  forms  ernuue- 
rated  two  or  three  of  the  rarest  need  not  be  taken  into 
account.    HoiUgmna  maybe  dismissed  in  a  word;  it  it 
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.^^^^^_  »bly  an  exclusively  pelagic  type,  and  I  have  never  met 
with  a  aredged  specimen  the  shell  of  which  wns  more  than 
approximately  complete.  A  comparison  of  Cymbahpora 
bulioiiiet  with  two  or  three  species  of  the  same  genus  not 
having  the  large  globulnr  chamber  would  lead  to  the  belief 
thai  it  also  may  be  of  essentially  pelagic  habit. 

But  it  is  with  the  genera  Globigerina  and  its  Immetliale 
allies,  and  Puhinulina,  that  wg  are  chiefly  concerned  in  the 
prcfent  inqnif}*.  Of  nine  recent  species,  or  well-marked 
varictifs  of  Ghbigerina  (proper),  at  least  two-thirds  occur  in 
the  siirfnce  gatherings;  indeed,  though  there  are  three  or 
four  forms  that  have  not  been  satisfactorily  traced,  the  only 
ones  conspicuous  by  their  absence  are  Gl.  duhia,  which 
represent*  the  most  finely  developed  modification  of  the 
"iuUMtfrs"  type,  and  Gl.  digitata,  the  most  divergent  of 
all  from  the  normal  form  in  its  structural  features.  The 
Orbulinc  Globigerime  are  represented  by  0.  tmivcria  in 
thin-shelled  condition,  and  the  absence  of  the  very  rare 
O.  iKojurensia  need  not  excite  surprise. 

Amongst  the  Sp/iteroidina,  the  thick-shelled  Sph.  dehhcem, 

with  its  coarsely  tubulated  walls,  is  not  uncommon,  whilst 

tha  thin- shelled    Sph.  huUoides  has  never  been  met  with  at 

^^b  iiirface.     One  species  of  Pullenia  (P.  obliquelocuhta)  is 

^^H^  sparingly  at  the  surface,  whilst  the  two  smaller  forms, 

wKR ^hartrides  and  P.  </iiin'jueloda,  are  only  known  from 

^^tedjtcd  specimens.     La^lh ,  PultinuliiKt    supplies  iit  least 

live  foims  to  the  surface  fauna,  all  of  them  pertaining  to 

one  section  of  the  genus :  of  these,  two  are  rare,  P.  iriiaaa 

and  P.  ilenardii,  var.  tumida,  and  of  them  the  number  of 

specimens  found  is  insufficient  for  purposes  of  comparison  or 

armament;  the  rest  are  very  common.     Other  Pulclntdina, 

fouoil  in  abundanct*  in  dredgings  from  great  depths,  have 

nem  been  obtained  by  the  towiug-nct. 

If  the  Globigt-rina  obtained  from  the  surface  of  the  ocean 
are  compared  with  specimens  of  the  same  species  collected 
by  the  dredfte,  certain  differences  are  at  once  apparent,  the 
noat  conspicuous  of  which  is  the  frequency  of  hirsute  or 
•(nnooi  shells  in  the  former,  and  their  comparative  absence 
Uom  the  Utter  source.  This  is  so  readily  accounted  for  that 
it  need  not  be  dwelt  upon.  It  has  already  been  staled  that 
t»eajly  all  the  morphological  varieties  of  Globigerina  may  be 
found  at  times  covered  with  these  long  silky  spines ;  and  on 
the  other  band,  though  the  spinous  condition  is  very  frequent 
in  pclsgic  fhcUs,  it  is  by  no  means  invariable. 

Another  point  of  some  importance  is  the  relatively  smaller 
MM  of  the  surface  specimens.     This  haa  been  made  Ibe 
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subject  of  careful  investigation,  the  largest  pelagic  specimens 
of  each  species  having  been  measured  side  by  side  with  good 
average  examples  from  bottom-dredgings.  The  result  has 
been  to  demonstrate  that,  with  the  possible  exception  of  the 
Orbulifke,  concerning  which  I  shall  have  to  speak  presently, 
the  largest  of  those  collected  at  the  surface  are  smaller  than 
average  adult  bottom  specimens.  In  all  the  species  this 
difference  in  size  is  apparent,  though  in  some  more  than 
others,  but  if  drawings  are  made  to  the  same  scale  the  rule 
becomes  strikingly  manifest.  It  would  be  easy  to  give 
measurements  in  support  of  this  point,  but  it  seems  better 
to  wait  until  the  matter  can  be  fully  discussed  with  the  aid 
of  plates. 

The  thickness  of  the  tests  of  some  pelagic  specimens  has 
been  the  ground  of  remark,  and  viewed  by  themselves  the 
largest  example's  of  certain  species  are  very  stoutly  built,  but 
a^  a  matter  of  actual  measurement  they'  will  not  bear  com- 
parison with  those  found  at  the  bottom.  Thus,  the  stoutest 
specimen  of  Sphceroidina  dehiscens  which  I  have  been  able  to 
find  amongst  the  surface  gatherings  has  a  test  of  about  -^o 
of  an  inch  (0*05  millim.)  in  thickness,  and  the  heaviest- 
shelled  Globigerina  conglohata  so  collected  is  not  more  than 
7-^  of  an  inch  (0*032  millim.)>  whilst  bottom  specimens  of 
either  species,  having  shells  -5-^  of  an  inch  (0*085  millim.)  in 
thickness,  are  not  unusual. 

The  case  of  OrluUna  is  somewhat  different.  The  shells  of 
surface  specimens  are  nearly  as  large  as  those  of  average  size 
from  the  bottom,  but,  whether  spinous  or  not,  they  are 
invariably  very  thin  and  delicate.  Bottom  specimens  are 
not  only  thicker,  but  vary  very  much  amongst  themselves  in 
shell  texture  and  other  "particulars.  The  most  noteworthy 
structural  condition  found  amongst  the  bottom  specimens  is 
one  in  which  the  shell  consists  of  a  number  of  distinct 
superimposed  layers — sometimes  four  or  five  separate  shelly 
envelopes — one  enclosed  within  the  other,  yet  without  any 
absolute  adhesion  of  their  walls.  In  such  cases  the  inner- 
most layer  is  usually  very  thin  and  perforated  with  large 
foramina,  the  outer  ones  coarser  and  thicker.  Nothing 
resembling  the  thick-shelled  Orhnli7i(E,  still  less  those  with 
multiple  tests,  has,  so  far  as  I  know,  been  noticed  amongst 
the  surface  organisms. 

There  is  another  fact  connected  with  the  subject  which 
has  a  certain  amount  of  weight,  namely,  that  though  the 
towing-net  has  been  largely  used  in  the  British  seas  and  in 
areas  at  which  GlohigeriiicB  are  found  to  a  greater  or  less 
extent  at  the  bottom,  no  single  specimen  has  been  met  with 
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■ongst  the  Fntomostrnca  and  other  pelagic  microzoa  thnt 
hiiTe  bwii  ckptuied. 

At  best  the  evidence  afforded  by  comparative  observations 
is  collateral  rather  than  direct,  and  the  only  positive 
testimony  that  could  be  adduced  would  be  such  aa  the  sea- 
bottnm  itself  could  alone  fitmish,  and  of  a  sort  not  easily 
procured.  Material  brought  up  in  large  quantities  by  heavy 
dredges  and  trawls  is  manifestly  valuelesK  for  the  purpose. 
Under  any  circnmetances  living  microzoa  would  not  be 
found  except  in  the  superficial  film  of  the  ocean-floor,  and 
even  there  they  would  be  largely  mixed  with  dead  and 
empty  shells ;  it  would  therefore  be  simple  waste  of  time 
to  decalcify  Qlohigerina-oozG  obtained  in  the  ordinary  way 
with  the  idea  of  finding  the  protoplasmic  bodies  of  the 
constituent  shells.  Indeed,  it  would  be  almost  as  reasonable 
to  expect  to  find  sarcode  animals  in  a  fossil  deposit  as  in 
malrnal  possibly  representing  a  layer  several  inches  in 
thickness  of  the  sea-bottom.  The  old  methods  of  taking 
sonodings,  either  with  the  lead  aiid  tallow  or  with  some  of 
the  EtnalleT  appliances  that  succeeded  it,  though  of  com- 
paratively little  utility  for  the  general  purposes  of  zoological 
■nves ligation,  were  perhaps  better  adapted  for  securing  a 
k  DOW  ledge  of  the  su]>crficial  layer;  and  it  is  even  possible 
thai  •one  of  the  discrepancies  in  the  results  obtained  by 
diflerent  observers  may  be  explained  through  the  different 
neihode  by  which  their  miiterial  has  been  collected. 

But,  in  addition  to  dredge  and  trawl,  another  appliance 
was  usctI  from  time  to  time  by  the  "Challenger"  naturalists 
in  bottom-collecting.  This  was  a,  towing-net  attached  to  the 
trawl,  intended  to  receive  the  organisms  thrown  up  by  the 
tvQgh  disturbance  of  the  superficial  layer  of  the  bottom-mud. 
It  was  without  any  great  expectation  of  positive  results  that 
i  drtennined  to  experiment  on  some  of  the  material  obtained 
bj  iu  means,  inasmuch  as  shells  more  or  less  filled  with 
■arrode  might  not  be  those  longest  held  in  suspension, 
iboDgh  the  difference  in  specific  gravity  between  sarcode  and 
sn-wal«r  cannot  be  very  great.  But  the  result  has  been 
fatwhclory  as  far  as  tt  goes,  and  in  one  case  the  sarcode 
bodie*  of  six  or  eight  per  cent,  of  the  shells  operated  upon 
~"  left  after  treatment  with  acid.     Amongst  these  were 

rrcogtiised  specimens  of  Globigerina,  PulrinuUna 
dii  and  S^hxroidina  dehiscma.  The  sarcode  was 
uh-brawn  and  granular,  precisely  reseinbling  that  of 
"e  Bbiiopoda  that  have  been  kept  some  time  in  alcohol 
b«tng  decalcified.  The  soft,  jelly-like  lobes  of 
' "  <i  retained  the  form  of  the  pseudopodial  tubulniio 


^^^    nsemb 
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of  tbe  abell  as  minute,  cylindrical  prmections  from  the 
surface.^  Without  departing  from  an  attitude  of  caution  ia 
accepting  evidence  upon  a  eubject  so  beset  with  dtfGcuUy,  I 
will  endeavour  in  a  few  words  to  summarise  the  fncts  beariug 
upon  it,  chiefly  on  those  concerning  the  two  genera 
Ghbigerina  and  Puhinulina. 

1.  We  have  positive  evidence  that  Foraminifera  do  live  at 
the  bottom  of  the  deep  sea,  from  the  common  occurrence  at 
great  depths  of  certain  forms  with  composite  or  arenacous 
tests;  and  we  have  negative  evidence  in  the  same  direction 
in  the  entire  absence  from  the  surface  fauna  of  many  hyaline 
genera,  which  are  abundant  in  bottom  drcdgings. 

S.  Both  in  Puhinulina  and  Gloligerina  {but  notably  in 
Puhinulina)  species  closely  allied  to  the  surface  forms  are 
common  in  the  bottom  ooze,  though  they  never  occur  at  the 
surface  ;  amongst  olhers,  Ghbigtrina  dubia  and  Gl.  digitata, 
Puhinulina clegans,  P.  Karsteni,P.pauperala,Miii  P.favus. 
Hence  there  is  no  A  priori  improbability  that  the  other 
members  of  the  same  genera  are  capable  of  supporting  life  at 
the  bottom. 

3.  A  comparison  of  specimens  of  the  same  species,  taken 
at  the  surface  and  at  the  bottom,  demonstrates  at  least  that 
the  average  size  of  the  former  is  less  than  of  the  latter,  and 
that  the  thickness  of  the  shclt-wnll  of  the  largest  surface 
specimens  bears  no  comjiansoii  "itli  ibiit  of  iiilult  bottom 
specimens. 

4.  Nothing  comparable  to  the  thick-shelled  OrbuUna, 
still  less  to  those  with  tests  composed  of  several  layers,  is  to 
be  met  with  in  the  surface  fauna. 

5.  No  surface  GlobigerintB  have  hitherto  been  obtained  by 
means  of  the  towing  net  from  points  on  our  own  shores  at 
which  they  are  found  at  the  bottom. 

6.  A  fact  adduced  by  Dr.  Wallich,  of  some  weight,  as  I 
think,  namely,  that    Globigerina  shells    are  found  in   the 

'  I  End  a  note  or  Dr.  WRllich's,  ia  a  lecture  delivered  before  the  Jtoytl 
JnslilutioQ,  in  1361,  tbe  substance  oF  wbich  appeared,  I  believe,  in  one  of 
lib  earlier  papers,  n'liich  is  quite  to  accordance  with  these  results.  Speak* 
ing  of  a  particularlv  pure  Globigerina  deposit  he  5bts  : — "  Tlie  specimens 
Ttoni  tlie  immcdinlc  surface  stratum  of  the  sea-bed  alone  retained  their 
normal  appearaDces,  both  as  regards  the  perfect  stale  of  the  Barcodic 
contents  of  the  shells  and  the  presence  of  tbe  pseudopodia.  The  latter 
organs  were  never  seen  by  me  in  an  extended  position,  but  in  tbe  specimens 

Kidcd  to,  nnd  in  those  onlj.  Hit  psFadoTJom  ot^cum^  aa  mimitc  boMes. 

sembling  In  shape  tlie  rounded  rivet  heads  on  boilers,  dosel;  ad  pressed  to 
UiB  external  surface  of  tbe  shell." 
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digeative  canities  of  OpMocomes  living  Rt  the  bottom  at  great 
deplbf. 

7.  The  teaiimony  of  many  experienced  observers  (Ehren- 
hera,  Parker  ami  Jones,  tVallicb,  atid  others)  that  the 
Glwiyerina  in  the  small  soundings  which  they  had  for 
examination  contained  the  sarcode  bodies,  the  colour  and 
nature  of  which  each  has  described,  nith  which  statement 
tnj  own  results  from  the  material  taken  in  the  "tow-net 
attached  to  trawl"  generally  agree. 

It  may  be  that  some  of  these  arguments  hear  an  explana- 
tion other  than  that  which  appears  the  most  natural  one. 
The  only  facts  that  I  know  of,  per  contra,  are— 

1.  The  dredged  or  trawled  material  consists  of  nothing  but 
dead  or  empty  shells. 

a.  Dredged  specimens  from  great  depths  hare  never  been 
obscrred  to  extend  their  psendopodia. 

Th*  first  of  these  propositions,  as  I  have  already  shown, 
Karecly,  in  reality,  affects  the  question.  In  respect  to  the 
Mcmid,  it  ia  to  be  observed  that  the  same  holds  good  of  ti.e 
■renaeeoua  Rhizopoda,  which  we  know  live  at  the  bottom. 
r  will  any  one  who  has  hail  much  experience  in  haiid- 
t  aliallow-waler  Foraminifera,  and  knows  the  difficulty 
■  often  is  in  inducing  a  common  Rolalia  to  extend  its 

■ndopodia  nfter  being  taken  out  of  an  aquarium  and  put 
inio  a  watch  glass,  wonder  much  at  the  want  of  this  particular 
vviilencc  of  life  in  specimens  who^e  whole  environment  has 
be«n  thus  suddenly  changed  —  released  from  enormous 
prea&nm  and  brought  from  darkness  into  strong  light. 

In  addition  to  its  employment  at  the  surface  of  the  sea,  the 
tow-net  was  used  by  the  "  Challenger"  naturalists  suspended 
at  liifferent  depths  in  the  water,  and  pelagic  Foraminifera 
were  collected  with  other  forms  of  animal  life  hundreds  of 
fathom*  below  the  surface.  I  confess,  therefore,  that  f  can 
•ec  no  anomaly  in  the  supposition  that  organisms  so  simply 
constilatci]  as  this  group  of  Protozoa  may  be  equally  at  home 
at  the  Mirface  and  at  the  bottom  of  the  ocean. 
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The  MoRPHoi.oGY  of  the  Vkrtebrate  Olfactory  Organ. 
By  A.  MiLNEs  Marshall,  M.A.,  D.Sc,  Fellow  of  St. 
John's  College,  Cambridge.  (With  Plates  XIII  and  XIV.)i 

Of  the  two  parts  into  which  the  present  paper  is  divided, 
the  first  deals  with  the  development  of  the  olfactory  nerve  in 
certain  selected  types  of  vertebrates ;  the  second  with  the 
development  of  the  olfactory  organ  in  the  same  types. 

Since  the  value  and  interest  of  anatomical  and  embryo- 
logicnl  facts  consist  largely  in  their  application  to  the  solution 
of  morphological  problems,  I  have  not  hesitated  to  draw 
inferences  freely  from  such  facts  as  I  have  been  able  to  bring 
to  light,  or  to  point  out  the  conclusions  to  which  these  facts 
seem  to  me  to  lead.  However,  in  order  to  separate  facts 
from  theories  as  sharply  as  possible,  each  part  of  the  paper 
has  been  further  subdivided,  those  portions  which  are  con- 
cerned with  matters  of  direct  observation  being  considered 
before  those  which  are  of  a  more  theoretical  or  speculative 
nature. 

I.   The  Development  of  the  Olfactory  Nerve. 

a.  In  the  dogfish. — For  the  opportunity  of  investigating 
the  development  of  Elasmobranchs  I  am  indebted  to  Mr. 
Balfour,  who,  on  the  completion  of  his  monograph  on 
Elasmobranch  fishes,  very  kindly  placed  at  my  disposal  the 
whole  oF  his  stock  of  uncut  embryos.  In  addition  to  this 
I  have  had  the  great  advantage  of  free  access  to  the  very 
complete  series  of  preparations  made  by  Mr.  Barlfour  in  the 
course  of  his  investigations,  and  have  availed  myself  of  his 
permission  to  figure  four  specimens,  illustrating  stages  of 
which  I  had  not  prepared  satisfactory  sections  myself. 

The  greater  number  of  the  embryos  thus  placed  in  my 
hands  were  those  of  the  Scyllhwi  canicula,  some  few  of 
Prktiurus ;  but  inasmuch  as  the  two  genera  have  yielded 
identical  results  so  far  as  the  subject  in  hand  is  concerned, 
I  have  made  no  attempt  to  distinguish  between  them  either 
in  my  descriptions  or  figures.  Some  few  of  the  specimens 
were  hardened  in  picric  acid,  and  afterwards  stained  with 
hamatoxylin ;  but  all  my  best  sections  were  from  embryos 
hardened  and  stained  in  a  J  per  cent,  solution  of  chromic 
acid,  to  which  a  few  drops  of  a  weak  solution  of  osmic  acid 
had  been  added. 

>  An  abstract  of  this  paper  was  read  before  the  Roval  Society  on  Feb- 
ruary 13tb,  *  Proc.  Roy.  Soc./  No.  193,  1870. 
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With  regard  to  llie  earliest  stages  in  the  development 
the  oiracloT)-  nerve,  I  have,  unfortunately,  been  nnable 
make  any  satisfactory  observations,  for  all  the  specimens 
younger  than  Balfour's  stage  k  were  in  bad  condition.  The 
chief  points  1  wished,  if  possible,  to  determine  were — firstly, 
whether  the  neural  ridge  extends  to  the  nnterior  end  of  the 
fore  brain  in  Elasmobranchs,  as  I  have  already  shown  it  to  do 
in  the  chick  ;'  secondly,  whether  the  olfactory  nerve  is  de- 
Telopcd  from  this  ridge;  and,  lastly,  the  exact  dale  of 
appearnnce  of  the  olfactory  nerve.  On  nil  thene  points  I 
have,  owing  to  th^  unsatisfactory  condition  of  my  specimens, 
Ailed  to  obtain  relinble  evidence. 

Plate  XIV,  fig.  19,  represents  a  section  through  the 
111  of  a  dogfish  embryo  at  stage  m  of  Balfour's  nomen- 
iliite;  the  section  is  made  in  a  plane  transverje  to  the 
igitudinal  axis  of  the  head,  and  passes  through  the  fore 
bniin  f  f.  h.),  the  olfactory  sacs  {plf.),  and  the  olfactory 
nerves  (I). 

This  figure,  which  is  taken  from  one  of  an  excellent  series 
of  prepamiions  in  perfect  histological  preservation,  illustrates 
Several  features  of  considerable  interest — (1.)  In  the  first 
place  it  will  be  noticed  that  the  fore  brain  presents  no 
trace  whatex-er  of  a  division  into  cerebral  hemispheres ;  in 
other  words,  that  the  olfactory  nerves  come  into  existence 
beforf  the  eerfbrnl  hemispheres,  and  are  therefore  con- 
nected at  fir^t  with  the  forebrain,  and  not  with  the  hemi- 
spheres. As  confirmation  of  this  point,  I  may  repeat  that 
fig.  19  is  taken  from  an  embryo  at  stage  m,  while  Balfour 
has  already  shonii,  and  my  own  observations  are  in  complete 
accordance  with  his  on  this  point,  that  until  stage  o  there  is 
no  trace  whatever  of  n  division  of  the  forebrain  into  cerebral 
hcini«(djeres.' 

(2.)     Tltere  is  no  trace  of  an  olfactory  lobe    or  reside. 

"-  is  a  point  of  considerable  importance,  and  one  on  which 

lire  to  lay   stress.     The  figure  shows  that  at  stage  m 

olfoctory  nerves  are  solid,  and  present  no  trace  of  a 

il  lobe  or  vesicle,  either  at  their  roots  or  at  any  part  of 

rnetb. 

Tno  olfactory  nerve  at  stage  m  agrees  closely  in  its 

.]  relations  and  in  its  histological  characters  with  the 

cranial  nerves,  either  at  the  same  or  at  slightly  younger 

Like  these,  it  arises  from  the  upper  part  of  the 

f*  Quarterly  <}onnia1  of  Micraseo|>ical  ScieucV  JanuuT,  isrs,   pii. 
|'£Iumobraneh  fobe*,'  p-  17S- 


4 


302  DA.  A,  UiLNBS  MARaHALL. 

aides  of  the  biain,  and  takes  a  course  downwards  and 
outwards,  at  right  angles  to  the  longitudinal  axis  of  the 
head.  Histologically  it  coiisista  of  voundiafa  or  oval  nu- 
cleated cells,  with,  as  jet,  very  few  nerve  fibres,  agreeing 
completely  with  corresponding  stages  of  development  of  the 
other  cranial  nerves. 

Fig.  20  is  taken  from  a  section  through  the  same  region 
as  fig.  19,  but  from  a  dogfish  embryo  at  the  commencement 
of  stage  o.  The  magnifying  power  employed  is  the  same 
ill  the  two  drawings,  so  that  an  exact  comparison  can 
be  made  between  them.  There  is  still  no  indication  of  a 
division  into  cerebral  hemispheres;  the  forebrain,  as  in  fig. 
19,  is  still  undivided.  Though  the  embryo  has  grown  con- 
siderably the  olfactory  nerve  (i),  though  somewhat  thicker,  is 
no  longer  in  fig.  20  than  in  fig.  19,  a  fact  of  some  interest; 
its  point  of  attachment  to  the  brain  has,  however,  shifted 
down  somewhat  towards  the  ventral  aide.  The  most  im- 
portant fact  shown  by  fig.  '20  is,  however,  the  existence  of 
the  earliest  rudiment  of  an  olfactory  lobe  (ol.  v.).  This,  as 
may  be  seen  from  the  figure,  is  exceedingly  small,  and  might 
indeed  be  easily  overlooked ;  it  is  a  small  shallow  pit, 
formed  almost  entirely  at  the  expense  of  the  inner  wall  of 
the  forebrain,  and  situated  opposite  the  root  of  origin  of  the 
olfactory  nerve. 

In  fig.  SI,  taken  from  one  of  Mr.  Balfour's  specimens,  the 
same  parts  are  shown  at  a  stage  intermediate  between  stages 
o  and  p.  The  olfactory  vesicle  {ol.  v.)  is  seen  to  have  grown 
very  rapidly,  and  is  now  a  conspicuous  object.  The  olfactory 
nerve  (i),  on  the  other  hand,  has  remained  almost  stationary 
as  far  as  size  is  concerned ;  it  has,  however,  undergone  con- 
siderable histological  change;  the  cells  composing  its  proxi- 
mal part  or  root  of  origin  are  more  elongated  and  fusiform 
than  before,  while  beyond  this  part  the  nerve  presents  a 
ganglionic  expansion  consisting  mainly  of  roundish  cells, 
similar  to  those  which  previously  constituted  the  whole 
nerve,  and  which  gives  on,  dietally,  biuidles  of  nerve  fibres 
distributed  to  the.Schneiderian  folds  of  the  olfactory  mucous 
memhrane. 

The  condition  of  the  olfactory  nerve  and  lobe  at  stage  q 
is  shown  in  fig.  SS,  also  taken  from  one  of  the  specimens 
lent  me  by  Mr.  Balfour,  who  has  described  this  stage  as 
follows : — "  The  lateral  ventricles  are  now  separated  by  a 
median  partition,  and  aslight  external  constriction  marks  the 
lobes  of  the  two  heidispheres ;  these,  however,  are  still  united 
by  nervous  structures  for  the  greater  part  ol  their  extent. 
The  olfactory  lobes  are  formed  of  a  distinct  bulb  and  stalk. 


uoarBOLOov  of  tae  vertebrate  olfacto&y  obgan. 


before,  prolongaiioiiB  of  the  lateral   vea* 


■nd    contain, 
Iriclef."' 

It  witl  be  noticed  that,  while  iit  fig.  81  the  olfactory  lobe 
projects  out  at  right  angles  to  the  brain,  and  the  oltRctory 
nene  arises  from  its  extreme  ti[),  in  fig.  Si  the  olfactory 
lobe  is  beat  downwards,  so  as  to  lie  against  the  sifle  of  the 
cerebral  hemisphere,  and  the  olfactory  nerve  no  longer  arises 
from  its  apex,  but  slightly  from  its  dorsal  surface.  From  the 
condition  here  represented  to  that  of  the  adult  the  changes 
ar«  unimportant, 

The  enrlier  stages  of  the  olfactory  nerve  I  have  not  been 
able  to  work  out  satisfactorily,  for  reasons  already  mentioned. 
In  fig.  15  the  nerve  is  represented  in  longitudinal  und  ver- 
tical section  at  stage  m.  It  ia  easily  recognisable  at  stage 
L,  and  1  have  also  succeeded  in  satisfying  myself  of  its 
exittence  as  far  hack  as  stage  u. 

Fig.  14  represents  a  transverse  section  through  the  ante- 
rior part  of  the  bend  of  an  embryo  at  the  commencement 
of  stage  Kj  the  section  passes  through  the  fotebrnin,  and 
through  both  olfiictory  pits;  on  the  right  siile  a  small  mass 
of  cells  iij  in  contact  with  the  bottom  of  the  pit  is  stained 
rather  more  deeply  than  the  surrounding  mesoblast  cells. 
From  comparison  with  the  condition  of  what  is  undoubtedly 
ilie  olfactory  nerve  at  slightly  later  stages,  I  consider  it  very 

Erobable  that  these  cells  form  ptirt  of  the  olfactory  nerve, 
ut  cannot,  of  course,  speak  with  any  certainty  on  this  point, 
k^part  from  the  insufficient  material  at  my  disjxisal,  the  inhe- 
mi  difficulties  of  the  investigation  are  very  great,  for  at 
ese  eatly  stages  the  olfactory  nerve  consists  entirely  of  cells, 
Iticb  differ  but  little  from  the  surrounding  mesoblast  cells ; 
tt  neTT«  is  also  exceedingly  short,  owing  to  the  close  proxi- 
liljr  of  the  olfactory  pit  to  the  brain,  while  a  new  difficulty 
IB  introduced  by  cranial  flexure,  which  is  increasing  rapidly 
al>out  this  time,  and  so  causes  n  constant  shifting  in  ths 
rclitions  of  the  surrounding  parts  to  one  another. 

My  inveiiigalions,  then,  lead   me   to  give  the   following 

tf  the  development  of  the  olfactory  nerve  inEtasmo- 

The  nerve  arises  at  some  period  earlier  than  stage 
t  6r>t  connected  with  the  upper  part  of  the  side 
I  fitrebrain  ;  between  stages  i.  and  u  its  root  shifts 
~i  to  a  ct^rlain  extent  towards  the  ventral  surface; 
B  itaelf  is,  from  the  earliest  period  at  which  it  can  be 
^,  solid  ;  the  earliest  trace  of  an  olfactory  loho  ap- 
{tears  at  the  rommencomeut  of  stage  o  as  a  shallow  d>;prDs- 
tion  of  tile  inner  wall  of  the  fbrebrain  opposite  the  root  of 
'  0|).  cit .  p.  170. 
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the  ol&ctory  nerve ;  this  olfactory  lobe  grows  Tery  rapidly, 
and  soon  attains  a  large  size,  while  the  olfiustory  nerve  re- 
mains almost  stationary ;  the  nerre  is  at  first  connected  with 
the  apex  of  the  olfactory  lobe^  but  subsequently  mounts 
somewhat  on  to  its  dorsal  surface ;  finally,  the  ol&ctory  nerre, 
throughout  its  derelopment,  agrees  closely  in  histolc^cal 
characters  and  in  the  changes  which  it  undergoes  with 
the  other  cranial  nerres. 

Balfour  has  giren  a  somewhat  different  account  of  the 
development  of  the  olfactory  nenre.  After  noticing  that  the 
olfactory  lobes  first  arise  during  the  stage  o,  he  says: — 
*'  From  the  peripheral  end  of  each  olfactory  lobe  a  nerve, 
similar  in  its  histological  constitution  to  any  other  cranial 
nerve,  makes  its  appearance ;  this  divides  into  a  number  of 
branches,  one  of  which  passes  into  the  connective  tissue 
between  the  two  layers  of  epithelium  in  each  Schneiderian 
fold.  On  the  root  of  this  nerve  there  is  a  large  development 
of  ganglionic  cells.  I  have  not  definitely  observed  its  origin, 
but  have  no  reason  to  doubt  that  it  is  a  direct  outgrowth 
from  the  olfactory  lobe,  exactly  similar  in  its  mode  of  deve- 
lopment to  any  other  nerve  of  the  body."^  A  little  further 
on  he  remarks :  *^  Even  the  few  preparations  of  which  I  haire 
given  figures  appear  to  me  to  prove  that  .  .  .  from  the 
(olfactory)  bulb  a  nerve  grows  out  which  has  a  centrifugal 
growth  like  other  nerves  of  the  body,  and  places  the  central 
olfactory  lobe  in  communication  with  the  peripheral  olfactory 

gack."^ 

The  differences  between  this  account  and  my  own  are  suffi- 
ciently obvious.  According  to  Balfour,  the  olfactory  lobe 
exists  before  the  olfactory  nerve,  and  the  nerve  is  a  "  direct 
()ut<'rowth  from  the  olfactory  lobe."  A  minor  point  of 
difference  is  that,  according  to  Balfour,  the  connection  be- 
tween the  olfactory  nerve  and  the  olfactory  pit  is  not  acquired 
till  towards  the  end  of  stage  o.  1  believe,  however,  that  these 
differences  are  due  to  Balfour  having  overlooked  the  exist- 
ence of  the  olfactory  nerve  during  its  early  stages.  The 
first  stage  at  which  he  has  described  the  olfactory  nerve  is 
that  which  I  have  represented  in  fig.  21,^  while  the  specimens 
1  have  figured  (figs.  19  and  20)  appear  to  me  to  prove  indis- 
putably the  existence  of  the  olfactory  nerve  at  a  much 
earlier  period,  and  the  connection  between  the  olfactory  nerve 

»  Op.  cit.,  p.  178. 

2  Op.  cit.,  p.  183. 

^  Tlie  section  from  which  this  figure  is  drawn  is  one  of  the  same  series, 
if  not  the  identical  specimen,  as  that  described  by  Balfour,  and  flgured  by 
hmj  in  n.  XV,  fig.  2. 
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In  the  rhick. — I  propose  to  consider  the  chick  next, 
[ly  because,  having  devoted  rciore  time  to  the  embryology 
of  the  chirk  than  of  other  vertebrates,  1  have  a  better  and 
nioTc  complete  scries  of  preparations  to  refer  to,  and  pnrily 
becMiise  I  wish  to  direct  particular  attention  to  the  very  close 
corrcs()onflence  that  exists  between  the  chick  and  the  dog- 
fish in  the  mode  of  development  of  the  olfactory  nerve. 

Concerning  the  early  stages  of  the  olfactory  nerve  in  the 
chirk  I  have  little  or  nothing  to  add  to  the  account  1  have 
already  given  in  this  Journal.'  The  result  of  a  careful 
rc-«XBinination  of  my  former  preparations,  and  the  investiga- 
tion of  a  considerable  number  of  new  specimens  prepared 
ainc«!  my  former  paper  was  published,  has  been  to  confirm 
my  previous  description  on  all  points.  Though  I  have  again 
failed  to  trace  satiefaclorily  the  changes  tliat  occur  betncen 
tho  thirtieth  and  fiftieth  hours  my  further  work  has  shown 
DO  reason  for  altering  the  view  I  have  previously  expressed, 
ihat  the  olfactory  nerve  is  developed,  like  all  the  other 
cranial  nerves  (except  the  optic,  the  sixth,  and  (?)  the  fourth 
ner^e) ,  from  the  neural  crest  *.  However,  whether  this  be 
ao  or  not  is  of  comparatively  little  importance  to  the  subject 
with  which  we  are  now  concerned. 

PUie  XIII,  fig.  10,  represents  part  of  a  transverse  section 
llttough  the  fore  p^irt  of  (he  head  of  a  duck  embryo  towards 
ibe  end  of  thr  fourth  day.     This  figure,  which  is  repeated 
jth  slight  allcriitiuns  from  a  former  paper,^  happens  to  show 
points  tu  which  I  wish  to  call  attention  ralher  Iwlter 
any  of  my  chick  preparations,  the  specimen  from  which 
Qnuferlj  Journal  of  Microscoiiica]  Science,' Jnnuarj  1S7S,  p|i,  17 — IS. 
__'tn<ai  nfcUtioD,  I  beg  la  itfa  (he  reutcr  to  ibe  dclulnl  nccouut  of  (be 
earl}  •(*£«  coutaincil  in  tliU  ptper. 

*  I  tAe  tliia  oppoilunil;  to  inalLO  a  alitflit  sUerttiaii  id  the  norauicla- 
tntc  tdopled  in  luj  Tanner  paper.  I  have  tliera  luggnleit  tlie  term 
mfral  riJg*  for  tholoiigitDdinKl  ridgrof  ecllt  wbicli  grows  out  from  lliu  rc- 
eatciiiis  Uflc  bctwru  (lie  cx(cnial  epiblut  and  tl>c  neural  canal,  and  rrotii 
«bich  ine  Dene),  wlietbcr  cranial  or  spinal,  ariic.  Since  tliis  riil^e  appears 
btlora  cloture  uif  tbe  neural  caiia]  ii  effected,  tliere  aro  muufeitlj  i»o 
Dcaral  tiilci!*,  one  ud  ei(her  side;  bat  I  We  alio  applied  tl>e  tinme  tcrni, 
mm/  n'<$e,  to  tlie  tingle  outgmwlii  formed  by  the  fmiou  of  the  neural 
ridfln  o(  the  two  sidet  aAer  complete  closure  at  the  neural  canal  is  effected, 
aadanar  tfaa  sxteroal  cpiblast  bos  become  completeljr  aeparated  froBi  the 
■ewal  eaeal.  I  propose  in  future  lo  spe»k  of  tins  single  median  outgrowth 
••  tlw  mtmnH  ewl,  Umitine  the  term  meural  riifyr  to  the  former  acceptalion. 
nua,  white  Ibete  are  iwo  neural  ridgca,  (hero  is  only  one  neural  crest,  a 
that  will  bo  at  onee  evident  oa  relcrtuce  io  tu;  former  flgurn. 
of  Analum;  aiid  Ptiyiiulogj,'  vol.  il,  pbUe  isi,  Bg.  13. 
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it  was  taken  being  in  unusually  good  preservation.  The 
section  passes  through  the  forebrain  (/.  J.)>  the  olfactory  pit 
{olf.),  and  the  olfactory  nerve  (i).  From  jt  we  learn  (1) 
that  the  olfactory  nerves  exist  prior  to  the  cerebral  hemi- 
spheres^  of  which  latter  there  is  in  this  specimen  no  trace 
whatever ;  (2)  that  in  this  stage  there  is  no  indication  what- 
ever of  an  olfactory  lobe ;  (3)  that  the  olfactory  nerve  is  in 
its  early  stages  connected  with  the  upper  or  dorsal  part  of 
the  side  of  the  forebrain  ;^  (4)  that  the  connection  between 
the  olfactory  nerve  and  olfactory  pit  is  very  early  acquired ; 
(5)  that  the  olfactory  nerve  at  this  stage  agrees  closely  in 
histological  characters  with  the  corresponding  stages  of  the 
other  cranial  nerves^  consisting  almost  entirely  of  roundish 
or  oval  nucleated  cells  with  few  or  no  nerve  fibres. 

This  figure  may  be  advantageously  compared  with  fig.  19, 
which  represents^  as  already  described^  a  section  through  the 
same  region  in  a  dogfish  embryo  at  stage  m.  The  resem- 
blance between  these  two  figures  is  indeed  very  striking, 
and  extends  even  to  the  minute  histological  details.  I 
would  lay  great  stress  on  this  resemblance^  and  submit  that 
this  close  correspondence,  amounting  almost  to  identity,  in 
the  condition  of  the  olfactory  nerve  at  similar  stages  in  two 
vertebrates  so  widely  separated  as  the  chick  and  the  dogfish, 
affords  very  strong  evidence  in  favour  of  the  correctness  of 
my  observations.  Such  differences  as  do  exist  are  of  very 
minor  importance.  Apart  from  the  slight  difference  in  general 
configuration,  the  most  significant  are  the  rather  larger 
relative  size  of  the  olfactory  nerve  and  pit  in  the  dogfish, 
obviously  correlated  with  their  condition  in  the  adult,  and 
the  fact  that  in  the  duck  the  attachment  of  the  olfactory 
nerve  is  rather  nearer  to  the  summit  of  the  forebrain  than  in 
the  corresponding  stage  of  the  dogfish. 

The  appearance  of  the  cerebral  hemispheres  towards  the 
close  of  the  third  day  in  the  chick  causes  considerable  altera- 
tion in  the  position  and  relations  of  the  olfactory  nerves. 
The  hemispheres  are  lateral  outgrowths  of  the  forebrain,  and 
are  from  the  first  situated  on  the  dorsal  side  of  the  roots  of 
the  olfactory  nerves.  They  grow  forwards  and  upwards  with 
exceeding  rapidity,  and  by  so  doing  drive  the  olfactory  nerves 
down  to  the  base  of  the  brain,  and  so  cause  these  nerves  to 
appear  to  arise  from  their  under  and  anterior  part ;  a  change 

^  Though  the  nerve  is  in  close  contact  with  the  brain,  the  actual  connec- 
tion between  the  two  is  not  seen  in  the  specimen  figured  ;  it  is  clearly  visible 
in  one  of  the  sections  of  the  same  series  immediately  adjacent,  whicli,  how- 
ever, does  not  show  the  whole  length  of  the  nerve,  and  is,  therefore,  less 
suitable  for  figuring. 
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which  haa  proved  a  fruitful  source  of  misconception  as  to  the 
true  nature  and  relations  of  the  olfiictory  nerves,  especially 
as  these  latter  arc  usually  not  recognised  unlil  lliey  hnve 
taken  up  this  secondary  position. 

The  change  to  which  I  have  just  referred  is  well  illus- 
trated by  fig.  11,  a  transverse  section  through  the  atilerior 
part  of  the  head  of  a  chick  embryo  at  the  eightieth  hour. 
The  section  shows  the  commencing  cerebral  hemispheres 
(c.  h.)  growing  upwards  and  out^vards  from  the  forebrain ;  it 
hIm  passes  through  the  margins  of  the  two  olfactory  pits 
(olf.),  and  on  the  left  side  through  the  root  of  the  olfactory 
nerve  (i)  at  its  point  of  origin  from  the  brain ;  the  figure 
shows  very  clearly  the  efiect  of  the  appearance  of  the  cerebral 
hemispheres  on  the  position  of  the  olfactory  nerves,  and 
shows  further  how  the  secondary  connection  of  these  nerves 
with  the  hemispheres  is  acquired. 

Fig.  \2  represents  a  section  from  the  same  series  as  fig.  11, 
but  taken  a  little  further  back,  passing  through  the  olfactory 
pits  (o//!)  at  their  deepest  parts.  On  the  right  side  (he 
•tciion  passes  through  th«  distal  portion  of  the  olfactory 
nerve  (i),  which  is  seen  to  be  in  continuity  with  the  bottom 
of  the  olfactory  pit. 

In  figs.  Hand  13  the  olfactory  nerve  has  the  same  hislO' 
lojpcal  character  as  in  fig  10 ;  it  is,  however,  relatively,  if 
not  indeed  absolutely,  smaller  than  at  the  earlier  period. 
The  figures  further  show  clearly  that  there  is  as  yet  no  trace 
whatever  of  an  olfactory  lobe. 

I  have  elsewhere'  given  figures  and  description  of  ihe  con- 
dition of  the  olfactory  nerves  at  the  ninety-third  hour  in  the 
chick,  at  vthich  date,  excepting  a  general  increase  in  size, 
their  condition  diflers  but  little  from  that  at  the  cightielli 
hour. 

Figs.  T  and  8  represent  longitudinal  and  vertical  sections 
through  the  anterior  part  of  the  head  of  a  chick  embryo  to- 
ward* (he  end  of  the  sixth  day  of  incubation.  As  the  olfac- 
tory nerve  did  not  lie  exactly  in  the  plane  of  seclion  it  has 
been  neceuary  to  figure  two  sections,  of  which  the  more 
superficial  one  (fig.  T)  shows  the  greater  part  of  the  length 
and  the  peripheral  distribution  of  the  olfactory  nerve;  while 
the  accond  section  (fig.  8;,  taken  at  a  slightly  deeper  level, 
•hows  the  root  of  origin  of  the  nerve  from  the  brain.  The 
olfaclory  nerve,  which  is  still  short,  presents  a  proximal  gan- 
glionic swelling  at  its  point  of  origin  from  the  hemisphere, 
aecn  beat  in  fig.  8;  along  the  greater  part  of  its  length  the 
noTB  cotuUta  of  very  elongated  fusiform  cells,  with  a  few 
•  Loe.  eit.,  p.  SO,  aod  Plate  II,  flg«.  17—19. 
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spherical  ganglionic  cells  at  intervals ;  distally^  at  its  connec- 
tion with  the  olfactory  pit^  it  presents  a  second  ganglionic 
swelling,  fig.  7. 

A  point  of  very  considerable  interest,  shown  in  the  clearest 
possible  manner  by  these  figures,  is  that  up  to  this  date  there 
is  no  indication  of  an  olfactory  lobe ;  indeed,  instead  of  a 
hollow  process  of  the  hemisphere  at  the  point  of  origin  of 
the  olfactory  nerve,  there  is  at  this  point,  as  is  shown  by 
both  figures,  but  especially  by  fig.  8,  a  slight  external  de- 
pression, with  a  very  obvious  internal  projection  of  the  wall 
of  the  hemisphere. 

Fig.  9  represents  a  similar  section,  in  a  longitudinal  and 
vertical  plane,  through  the  nasal  region  of  a  chick  at  the 
end  of  the  seventh  day ;  passing  through  the  cerebral  hemi- 
sphere (c.  h.)y  the  eye  (o.  c),  the  anterior  extremity  of  the  oph- 
thalmic branch  of  the  fifth  nerve  (v.  a.),  the  olfactory  pit  (ol/.), 
and  the  olfactory  nerve  (i).  The  nerve  itself  presents  the 
same  histological  characters  as  in  fig.  7,  i.  eJa.  proximal  gan- 
glionic enlargement  at  its  root  of  origin,  a  trunk  consisting 
mainly  of  nerve  fibres,  but  with  a  few  ganglionic  cells  at  inter- 
vals alongits  whole  length,  and  a  distal  ganglionic  expansion 
at  its  point  effusion  with  the  olfactory  epithelium.  There  is, 
however,  one  important  difference  between  this  figure  and 
the  two  preceding  ones;  opposite  the  point  of  origin  of  the 
olfactory  nerve  there  is  a  small  conical  depression  (oL  v.)  of  the 
inner  wall  of  the  cerebral  hemisphere.  From  a  comparison 
with  fig.  20  there  can  be  little  doubt  that  this  is  the  earliest 
appearance  of  an  olfactory  lobe.  As  in  the  dogfish,  this 
lobe  is  formed  at  first  entirely  at  the  expense  of  the  inner 
wall  of  the  hemisphere,  there  being  as  yet  no  perceptible 
projection  on  the  exterior  of  the  brain. 

The  olfactory  lobes,  after  their  first  appearance,  grow  ra- 
pidly. By  the  twelfth  day  they  form  a  pair  of  small  conical 
processes,  about  1  millimetre  in  length,  springing  from  the 
extreme  anterior  ends  of  the  cerebral  hemispheres  :  the  two 
lobes  lie  side  by  side,  their  apposed  surfaces  being  slightly 
flattened.  Each  lobe  contains  a  prolongation  of  the  ventri- 
cular cavity  of  the  corresponding  hemisphere. 

Fig  S6  represents  a  longitudinal  and  vertical  section 
through  the  olfactory  lobe  and  the  anterior  part  of  the  cere- 
Vjral  hemisphere  of  a  twelfth  day  chick  embryo  :  it  shovs 
how  the  ventricle  of  the  hemisphere  (cJi.)  is  prolonged  to 
the  extremity  of  the  olfactory  lobe  {ol.v.) ;  and  also  the  mode 
in  which  the  olfactory  nerve  arises  from  the  end  of  the 
olfactory  lobe  as  a  series  of  bundles  of  nerve  fibres. 

Fig.  37  is  a  transverse  section  through  the  olfactory  nerve 
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of  «  chick  embryo  of  the  same  age  as  fig.  36  ;  it  shows  the 
huitdli-a  of  nt-rve  fibres,  bound  togpther  bv  connective  tisaue, 
which  together  constitute  ihe  olfaclory  nerve ;  il  showH 
r1«0  how  ihe  majority  of  these  bundles  are  arranged  in  k 
circle  niimd  the  margin  of  the  nerve,  while  a  few  smaller 
bnndles  lie  in  the  centre. 

Figs.  AH  and  39  reiiresent  sections  taken  from  the  same 
«mhryo  as  the  preceding  figure.  Fig.  38  is  a  tranaveree 
section  through  the  olfactory  lobe,  and  shows  the  laterally 
compretsed  ventricular  cavity.  Fig.  39  is  a  transverse  section 
through  the  anterior  part  of  the  hemisphere :  the  outer  wnll  of 
the  hemisphere  is  seen  to  have  incrpased  greatly  in  thickness 
while  tltp  inner  wall  still  remains  thin ;  so  that  the  ventricle, 
which  is  greatly  compressed  laterally,  no  longer  occupies  the 
eenirr  of  the  hemisphere,  but  lies  close  to  its  inner  side. 

In  the  adult  fowl  the  olfactory  lobe  has  much  the  same 
appearance  ns  Ht  the  twelfth  day  :  it  is  about  two  and  a  half 
fnillimuiTPS  in  length,  and  still  contains  a  central  cavity, 
though  this  latter  is  relatively  smaller  than  at  the  earher 
dale ;  the  relations  of  the  olfactory  nerve  to  the  lobe  are  the 
same  as  at  the  twelfth  day. 

Id  my  former  piiper  I  stated  that  there  is  no  trare  of  an 
olfactory  rttich  at  utuj  period  i«  the  life  of  a  chick.'  This 
•tatement  my  laii'r  nork  now  shows  to  be  erroneous  ;  the 
chick  has  an  olfactory  vesicle,  but,  as  in  the  dogfish,  this 
vehicle  dues  not  appear  till  an  exceedingly  late  period  of 
develf^iment. 

The  principal  poioU  then,  in  the  development  of  the 
olhctory  nerves  in  the  chick  to  which  I  deisire  to  direct 
attention  are  : 

I,  Tlie  olfactory  nerves  arise  from  the  forebrain,  before 
the  cerebral  hemispheres  have  begun  lobe  developed. 

S.  Thpy  are  at  first  connected  with  the  dorsal  surface  of 
tbe  forebratu,  but  on  the  appearance  of  the  hemispheres 
become  driven  down  to  the  ventral  surface  of  the  brain,  and 
acquire  a  secondary  connection  with  these  latter. 

3.  From  their  earliest  appearance  (he  olfactory  nerves  are 
•olii),  and  present  the  same  histological  characters  as  the 
oib'FT  crauial  nerves. 

4.  There  is  not  the  slightest  indication  of  an  olfactoTy 
lobe  till  the  latter  part  of  the  tttiventh  day  of  incubation. 

ThoU)ih  these  conclusions  are  in  complete  accordance  with 

taj   earlier   work,  they  arc   directly   opposed  to   all   other 

accoutiU  with   which    1  nm    nn{tiainted,  with  one  solitary 

exception,  lo  which  1  shall  refer  immediately.     As  the  date 

'  Loc.  oil.,  p.  90. 
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flT  amMnnee  of  tile  olftotory  loW  U  tkir  i>riM  fil  ifiOA 
tfuere  ui  As  greateat  disoepani^  betwMit  A«  dcMiipdabi  ibf 
|R«Tioiu  writen  and  my  own,  I  have  tnad«  Metfom  in  vait' 
Tuioaa  phirn  in  oider  to  detset  anjr  apAauiOiea  th^  oooM 
IMwdbty  be  interinetad  as  an  olhstor;  \mt  at  an  eadier  dkts 
than  the  (erflnth  day,  bat  bare  (ailed  ooibplet^  tO  obeetM 
any  such. 

As  fur  as  I  can  ascertain,  thu  earliest  account  of  the  deve- 
lopment of  the  olfactory  nerve  is  that  given  by  Remak  ;  this 
description,  which  only  occupies  about  three  lines,  and  is  unsup- 
ported by  figures,  is  as  follows  : — "  An  ihrem  Boden  (Hemis- 
pharen)  zeigen  sich  gegen  das  Ende  des  dritlen Tages  jederseils 
kleine  bimformige  Blaschen  (Geruchsbliischen)  iiber  deren 
weiterenlwickelungichkeineBeobachtungen  besitze."'  This 
observation  was  repeated  later  on  by  von  Baer,  who,  however, 
went  further  than  Remak,  and  described  this  vesicle  as  the 
rudiment  of  the  olfactory  nerve  ;  he  also  described  an  olfactory 
pit  distinct  from  this  vesicle.  Concerning  these  statements 
Bemak  Epeaks  thus  : — "  Halle  ich  diese  Angaben  mil  meineu  , 
eigenen  Wahrnehmungen  zusammen,  so  wird  es  mir  sehr 
wahrscheinlich,  dass  Baer  am  vierien  Tage  die  Geruchs- 
blaschen  und  die  Nasengruben  nicht  gleichzeiiig  beobachtet, 
dass  er  vielmehr  dasselbe  Gebilde  balil  ale  Aniage  des 
Eiechnerven,  bald  als  Nasengrube  gedeutet  hat.  Ich  habe 
mich  namlich  iiberzeugt,  dass  die  (jeruchsblaschenj  die  zu 
Ende  des  drilteti  Tagea  auftreten,  die  nasengruben  Bind,  und 
dass  weder  alsdann,  noch  bis  zum  fiiuften  Tagen  ein  entspre- 
chender  Auswuchs  des  vorderhirnes  wahrzunehmen  ist."' 
This  very  definite  statement  shows  with  perfect  clearness 
not  only  that  Remak  recognised  and  corrected  his  original 
mistake,  recognised,  i.e.  that  what  he  had  originally  taken 
for  outgrowths  of  the  cerebral  hemispheres  were  really  the 
olfactory  pits,  a  mistake  doubtless  due  to  his  relying  on 
surface  view  of  whole  embryos;  but  also  that  he  discovered 
end  recorded  the  fact  that  as  late  as  the  end  of  the  fifth 
day  there  is  no  trace  of  an  olfactory  lobe. 

Strange  as  it  may  seem,  this  exceedingly  definite  and 
accurate  statement  of  Remak's  has  been  completely  over- 
looked, while  bis  earlier,  vague,  brief,  and  avowedly  impef' 
feet  observation  actually  furnishes  the  basis  of  the  descrip- 
tions of  the  development  of  the  olfactory  nerve  given  in  our 
text-books  of  embryology  at  the  present  day. 

Thus,  Professor  Kblliker,  in  the  second  part  of  his  lezt- 

'  *  UDtersuohongen  iiber  die  EatwickelunK  dei  Wirbelthiere.'    BeriiD> 
less.  p.  33. 
*  Loc.  cit.,  p.  74,  note  66. 
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book  of  vnilnTulogy,  publishe<l  in  the  course  of  ihe  present 
ytsoT,  dumiues  oiy  previous  account  of  the  development  of 
ibe  oiruiorjr  nerve  na  "  eine  Angabe,  die  tnit  tier  Dttrstellung 
Ton  Bomak,  iJer  sufolf^e  die  Lobi  olfactorii  dea  Hiihnchens 
am  Ende  Ava  xx.  Tnges  als  kleine  birnfuniiige  Klascheti  nm' 
BoUra  iler  llemispharenblasen  liegen,  nicTit  zu  vereioen 
irt."'  I'rufesBor  KoUiker's  words  show,  beyond  doubt,  that 
be  is  quoting  from  Uemak's  earlier  stHtement ;  had  he  been 
acquainted  with  the  latter  part  of  Uemak's  work  he  would 
have  known  that  my  observations  confirmed  iusteitd  of  con- 
itadiciiug  Beinak. 

Again,  FoMer  and  Balfour  dtscribe  the  development  of 
tbe  olfactory  nerve  in  the  chick  ihus: — "At  ihi;  under 
■orfacc  ol  each  of  the  vesicles  of  the  cerebral  hemiispheres 
th«rc  aupears  towards  the  end  of  the  thinl  day  a  small, some- 
wlmt  elongated  vesicle — the  olfactory  veaicle — which  is  the 
nnliment  of  the  olfactory  nerve  or  bulb."*  The  authors 
make  tbi«  statement  on  their  own  authority,  but  since  the  first 
part  of  their  description  is  an  almost  literal  translation  of 
Bmiak's  earlier  account,  it  is,  1  think,  a  fair  inference  that 
they  have  fallen  into  the  same  error  as  Professor  Kolliker. 
Itetuak,  bonever,  is  not  responsible  for  the  statement  that 
thia  olfaelory  cesicle  is  "  the  rudiment  of  the  olfactory  nerve 
or  bolh." 

Any  further  discussion  of  the  literature  of  this  subject 
would  be  unprofitable;  it  is,  however,  only  fair  to  add  that 
at  ibe  time  of  writing  my  previous  paper  1  had  not  referred 
lo  Bemak's  work,  aod  was  under  tiie  impression  that  my 
descniilion  was  completely  at  variance  with  his  account; 
it  is,  thvreforr,  a  niatlerof  great  sHtisfaction  to  myself  tu  find 
aty  •latenients  corroborated  by  suub  high  ftuthuriiy. 

B,  In  lie  raitaon  and  Iroul. — Though  my  observations  on 
TaWoslcan  embryos  are  not  nearly  so  complete  as  those  1 
bani  juu  recordi-d  concerning  the  chick  and  dogfish,  yet, 
inasmuch  as  they  have  yielded  definite,  and  in  some  respecis 
important  and  unexpected  tesults,  1  have  thought  it  well  to 
revonl  thctn  heir. 

Tbe  ova  were  obtained  in  the  early  part  of  last  year  from 

,  Capel,  of  the  Foot's  Cray  Fishery  ;  fur  the  opportunity 

batching  llxm   1  am    indebted  to  Mr.  F.  Bucklaod,  to 

my  bust  th.)nk9  are  due  for  the  liberal  and  courteous 

•t  iu    which  he  met  my  requests.     1  am  also  much 

'  KoUikrT.  '  EalwirkrlunjngMcKiclite  dea    Mcnsohen  uaA  der   Li^bcreo 

7Wn  1 '  ZvcilE  AufUire.    Zucite  tliirte,  1879,  p.  fiOD. 

MJhi  iirs  riJialiylgg.'    i'ut  1. 1874, ».  117. 
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indebted  to  Mr.  Edon,  of  the  South  Kensington  Museum  of 
Pisciculture,  to  whose  care  and  experience  I  owe  the  success- 
ful hatching  of  the  ova. 

The  early  stages  of  development  of  the  olfactory  nerve  are 
unfortunately  even  more  difficult  to  investigate  in  Teleosteans 
than  in  either  the  chick  or  dogfish ;  and  my  observations  on 
these  stages  are  exceedingly  imperfect.  The  earliest  stage  at 
which  I  can  speak  with  any  confidence  as  to  the  existence  of 
an  olfactory  nerve  is  shown  in  fig.  29^  which  represents  a 
transverse  section  through  the  anterior  part  of  the  head  of  a 
trout  embryo  on  the  twenty-seventh  day  after  the  fertiliza- 
tion of  the  ova.  The  section  passes  through  the  forebrain 
(y.  6.),  and  through  the  olfactory  pits  {olf.) ;  on  the  left  side 
of  the  section  a  small  mass  of  cells,  somewhat  more  com- 
pactly arranged  and  more  deeply  stained  than  the  mesoblast 
cells,  connects  the  upper  part  of  the  forebrain  with  the 
olfactory  pit.  This  mass  of  cells  (i)  I  believe  to  be  the 
olfactory  nerve,  mainly  from  its  relation  to  what  is  un- 
doubtedly the  olfactory  nerve  a  few  days  later.  I  do  not 
wish,  however,  to  speak  at  all  positively  on  this  point. 

Between  the  thirtieth  and  fortieth  days  the  olfactory 
nerves,  though  still  extremely  short,  can  be  easily  recognised. 
Though  my  observations  are  far  from  complete,  they  suffice  to 
establish  the  following  points  for  both  the  salmon  and 
trout : 

1.  The  olfactory  nerves  appear  before  the  cerebral  hemi- 
spheres, and  are  at  first  connected  with  the  dorsal  side  of 
the  forebrain. 

2.  The  nerves  are,  from  the  earliest  period  at  which  their 
existence  can  be  determiued  with  anything  like  certainty, 
solid ;  i.e.  there  is  no  olfactory  lobe. 

3.  The  connection  between  the  olfactory  nerve  and  the 
epithelium  of  the  olfactory  pit  is  acquired  at  a  very  early  date. 

Plate  XIV,  fig.  33,  is  taken  from  a  transverse  section 
through  the  head  of  a  salmon  embryo  two  da}s  after 
hatching.  The  section,  which  is  a  little  oblique,  passes  on 
the  left  side  through  the  eye  {o.  c.)  with  the  superior  (r.s.) 
and  inferior  (r.  ?*.)  recti  muscles;  on  the  ri«^ht  side  through 
the  olfactory  pit  {olf.)  The  forebrain  {f.b.),  which  lies  in 
the  centre  of  the  section,  is  seen  to  have  a  sniall  vesicular 
cavity  in  its  upper  part;  its  roof  is  thin,  its  floor  and  sides 
very  thick.  From  the  lower  part  of  its  sides  a  pair  of  nerves 
(i)  arises;  these  nerves  run  downwards  for  a  short  distance 
towards  the  ventral  surface,  then  turn  directly  outwards,  and 
the  nerve  on  the  rij^ht  side  is  seen  to  divide  into  two 
branches,    which   can    be   readily   traced   to    the    thickened 
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rpithplium  lining  the  bottom  of  the  olfactory  pit  (ol/.).  It 
will  l(«  noticcil  that  there  is  no  tra«e  of  an  olfactory  lobe,  and 
that  the  olfactory  nerve  presents  no  ganglionic  enlargement 
at  any  part  of  its  course.  In  its  general  relations,  mode  of 
origin,  and  coursp,  the  nerve  agrees  remarkably  cloaely  with 
the  Mhft  cranial  nerves,  while  iu  histologicitl  characters  it  ie 
identical  with  them. 

In  fig.  ^4  the  olfactory  nerve  (i)  is  seen  in  longitudinal 
and  Tvriical  SMlion  in  a  salmon  embryo  of  the  same  age  as 
ttiBt  just  described.  This  section  shows  well  the  relations  of 
Uie  olfactory  nerve  to  the  brain ;  it  also  shows  the  roots  of 
ihe  optic  nerves  (ii),  the  iufundihiiUim  (I'l/*.),  and  the 
trabfcuJa  cranii  (Ir.). 

It  would  seem,  iherefore,  that  if  an  olfactory  lobe  is 
^preMot  at  any  piriod  in  the  life  of  a  salmon  or  Irout,  it  does 
^^BM  make  its  appearance  lill  very  late — so  late,  indeed,  that 
^^HjMuld  have  no  cluim  to  be  considered  as  an  embryonic 
^H^cture  at  all :  there  is  no  trace  of  it  at  the  titue  of 
^^nichiiig,  or,  indeed  fur  some  days  afterwards. 

«/.  In  other  tertebrates. — In  the  Axolotl '  the  olfactory 
nenre  i>  at  first  ronnecicd  with  ihe  fotebrain,  nut  with  the 
bemisphiTcf.  Throughout  the  whole  period  of  embryonic 
devrlupmeul  it  is  very  short,  and  in  the  early  elages  ex- 
ci--cdiDgly  so :  it  is  solid,  and  agrees  completely  in  hisiulogical 
characters  with  the  other  cranial  nerves.  I  have  failed  to 
dvliTCt  an  olfactory  lobe  in  any  of  the  stages  I  have  examined; 
i.e.  up  to  the  lime  of  hatching. 

I  have  also  made  some  observations  on  the  earlier  stages  of 
ileTeloptueiit  of  the  olfactory  nerves  in  (he  frog,  which  ahow 
■bat  in  these  stages  the  nerves  are  extremely  short,  and  that 
ihrr*  is  no  trace  of  an  olfactory  lobe.  The  resemblnnce 
briwecn  the  frog  and  axolotl  is,  as  might  be  expected, 
ezcvtrdingly  clu'e. 

Ill  kome  lisard  einbryu»,  for  which  I  am  indebted  (o 
Mr.  Balfour,  I  hate  noliced  the  existence  of  solid  olfactory 
Bfrnm,  with  no  indication  of  olfactory  lobes,  at  stages 
•(>tMrrnlIy  aiTTespondiiig  to  the  fourth  or  fifth  day  of 
incubation  of  the  thick ;  and  I  believe  I  have  succeeded  in 
eaubliahiti;;  ihe  existence  of  olfactory  nerves  at  still  earlier 
■tage*,  brfure  the  appearance  of  ihc  cerebral  hemispheres.  In 
(hr  lalei  singes  the  oUnctory  lobes  are  more  promineut 
ubjrcia  than  in  the  chick. 

I  will,  in  cuiicluMon,  quote  from  Professor  Paiker  thf)  fol- 

'  For  llie  i>t>|«iilUBilT  u(  invc»ticatiiifc  the  dc*rlo|in«Dl  «( >be  Aliiloll,  I 
'a  Uulcblcd  ta  Ur.  EJoo,  ol  iba  South  Kcniiiiflon  HuMiain. 
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lowing  description  of  the  dcvplopment  at  the  olfactory  nerve 
in  the  gtecn  turtle : — "  In  embrjos  of  the  green  turtle  of  llw 
size  of  a  horse-bfaii  1  tint!  the  nerves  (ulfactoryj  solid. 
When  the  eniliryoB  are  two  or  ihree  times  thnt  sitr,  tbeie 
nerves  each  acquire  a  largo  cavity  proximally,  from  the  fore 
wall  of  which  the  hriinchc8  seem  to  spring.  The  foremost  of 
the»e  branchee  spring  from  tin;  top  of  the  vesicle  ;  they  aroae 
at  first  from  I  he  top  uf  the  forehrain,"' 

e.  O  finer  al  comiihrattong. — He  fore  proceed  inj;  to  the 
<levelo|iment  of  the  olfiictory  organ,  I  propose  to  aummariM 
the  results  to  which  we  have  already  been  led,  and  to 
consider  briefly  cerlain  questions  of  a  more  theoretical 
character. 

The  first  point  I  desire  to  call  ntlentioii  to  is  the  remark- 
ably close  agroement  in  the  hioile  of  development  of  the 
olfactory  nerves  presented  by  the  several  types  examinrj, 
types  wliicli,  it  will  be  noticed,  embrace  examples  from  each 
of  the  vertebrate  classes,  with  the  exception  of  Mammalia. 
In  nil  iht-se  types  alike — dogfish,  tnnit  and  salmon,  axolotl, 
frog,  lizrtrd,  tunic  and  chick — the  mode  of  development  is 
fundamentally  the  enmi> ;  while  the  resemblance  between  \ho 
dogfish  and  the  chick,  the  most  generalised  and  the  most 
specialised  of  these  types  is,  as  I  have  already  •ho* 
compleie.  1  would  direct  special  attention  to  this  aj_ 
us  utTording  very  strong  lestimony  of  the  eorreotness  ( 

observations.  

The  fnndameniul  piiints  common  to  all  the  above  tjrm 
are  the  folhiwing: — 1,  the  olfactory  nerves  appear  TeryMrlr; 
S,  they  are  at  first  connected  with  ihe  forchrain,  anil  not 
with  the  cerebral  hemispheres;  S,  they  are  solid,  and  af^ree 
completely  in  histological  cliaraciers  with  the  other  cranial 
nerves;  4,  an  olfactory  lobe,  when  jiresent  at  all,  dues  not 
appear  lill  an  exceedingly  late  period  of  development. 

Though  the  several  types  agree  so  closely  in  the  nhovn 
fuudamenlal  points,  they  present  wdl-niarkcd  differenrfs 
among  themselves.  The  dogfish  appear  to  form  a  eenlriil 
tvpe  round  which  the  others  may  be  grouped,  and  from  which 
liiey  mny  ho  suppoved  to  be  derived.  C'uriously  enough, 
of  ihe  oilier  lyiwa  the  chick  appears  to  resemble  ihe  dagfi*h 
more  closely  inan  any  of  the  others  do,  wiih  the  pcxsiblu 
exception  of  the  liiard  and  turtle,  whose  earlier  stages  are  as 
yrt  unknown.  The  Amphibia  ate  rbiclly  charactt'tised  hy 
the  extreme  and  long  persisting  shortness  of  their  olfaciorj 

■  "On  t)l'^  DrvrlniiDieiil  or  lliti  Skull  «ntl  iis  Ufiniiu  Ibe  Ortenl^rilBd 
[CMft  JVidWii."    '  Vruc.  Itnyal  Soaicly,'  1$;9.  ^^| 
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Irves,  and  are  in  no  way  iutermeiliBte  between  the  dogfish 
tki  euch  Saiirupsida  as  I  have  examined.  Finally,  the 
Tel«08teaog,  if  the  aalmoo  and  trout  may  be  taken  as  typical 
of  that  group,  while  they  resemble  the  Amphibia  in  the 
extreme  shortness  ot  their  olfactOTy  nerve?  in  the  early  stages 
of  development,  seem  to  dider  somewhat  from  the  other 
types  in  the  exceedingly  late  appearance  of  the  olfactory 
lubes,  anil  in  the  striking  resemblance  in  general  anatomical 
behaviour    between    the    olfactory    and    the    other    cranial 

The  nomenclature  of  the  olfactory  nerve  ie,  unfortunately, 
•omewhat  overburdened  tvith  synonyms,  a  never-failing 
Mnirc«  of  confusion  and  inaccuracy.  The  "  olfactory  uerve  " 
^B«Q  adult  vertebrate  is,  (terhaps,  best  deecribed  as  con- 
^^Hing  of  three  puns;  a  proximal  tractm  olfactoriua  arising 
^^pn  the  cerebral  hemisphere,  an  intermediate  ganglionic 
^^Bargejnent  or  btdbun  olfactorius,  from  whose  distal  extremity 
^^B  third  part  or  nervus  olfactorius  arises.*  Of  these  parts 
^Hb  two  former  are  commonly  and  correctly  described  as 
^^■tiK  properly  parts  of  the  brain,  and  as  togemer  con- 
^Htuiing  the  rhinencephalon.  By  some  authors,  however, 
^^h  ttfim  rhinencephalon  appears  to  he  limited  to  the  bulhus 
^HBC'iorius,  the  iractus  olfactorius  being  then  suoken  of  as 
^Bi  rhuuncepkalic  cnu?  liy  olfactory  lobe  or  olfactory 
^■Ncfe  is  usually  meant  the  hollow  diverticulum  of  the  fore- 
^Htin  or  cerebral  hemisphere  in  the  embryo,  from  which  both 
^^u  tractu»  olfacloritia  and  bulbus  ulfactorms  of  the  adult  are 
^Hreloped,  and  which  has  hitherto  been  erroneously  sup- 
^^Hcd  to  be  the  earliest  part  of  the  "olfactory  uerve"  to  he 
^^CTelopeil.  It  would,  perhaps,  be  well  to  limit  the  term 
^Hjif/ory  hb«  to  this  embryonic  structure;  Owen  employs  it 
^^Mhe  adult  as  synonymous  with  bulbus  olfactorim. 
^Hprom  the  descriptions  1  have  alrendy  given  it  follows  that 
^Kl  nerevt  olfactorius  is  the  earliest  of  the  three  elemeuis 
^Hbe  ilrvt'lopfd,  and  that  it  alone  ie  the  direct  holhologueof 
^^boilii-r  cranial  nerves.  The  term  olfactory  nerve  ougbi 
^Kn  lo  be  strictly  limited  to  the  nernus  olfactorius.  Since, 
^^nrever,  there  is  ronsideroble  iuconvenieuce  in  disturbing 
^Hkblisbcd  uomenclaiures,  it  may  |terhaps  be  well  to  con- 
^^bie  to  use  the  term  olfactory  nerve  in  the  ordiuary  ana- 
^^Ciuil  itcnfe,  and  tu  contiiiu  oucstif  to  the  term  tiertmt 
^^B^idk  M*x  BpIiiiIIxr.  "  Untproucbiine^n  liber  deu  Bau  der  Nwentoli-  i 
^KliMl  Im  >Jeui  MrnKlifn  udiI  Wirbeliliii-re."  Ualle,  1S6S.  pp.  18,191 
^^FSUukIiu,  'Usudbucli  <lcr  Aualoniid  der  Wirbcilliicrc,'  3  Auflage,  j 
^^Bft,  p.  16&,  tfi\.  I 

^KOaM, '  Aiisiuniy  o[  Vcitcbrates,'  vol  i,  p,  1iS3,  190S.  J 
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olfactoriua  when  wishing  to  speak  of  the  third  or  distal  ele- 
ment, the  olfactory  nerve  proper ;  in  this  case,  however,  it 
must  be  clearly  understood  that  olfactory  nerve  and  nervus 
olfactorius  are  by  no  means  equivalent  or  mutually  con- 
vertible terms.* 

Though  the  htdhns  olfactorius  and  tracttM  olfactorius  are 
considered  as  together  equivalent  to  the  olfactory  lobe  of  the 
embryo,  it  must  be  noticed  that  the  proximal  ganglion  of  the 
nervus  olfactorius  may  fuse  so  completely  with  the  bulhus^ 
that  it  is,  even  in  comparatively  early  stages,  ^'  rather  diffi- 
cult to  fix  on  the  exact  line  of  demarcation  between  the  bulb 
and  the  nerve/'* 

The  three  elements  of  the  olfactory  nerve,  but  especially 
the  first  and  third,  vary  much  in  the  relative  proportions 
they  attain  in  the  adult.  Thus,  in  the  dogfish  there  is  a 
large  bulbus  olfactorius,  connected  proximally  with  the 
hemispheres  by  a  short,  thick,  tractus  olfactorius,  and  giving 
origin  dis tally  to  the  numerous  filaments  of  the  nervus 
olfactorius.  In  the  skate,  while  the  bulbus  and  nervus 
retain  much  the  same  proportions  as  in  the  dogfish,  the  tractus 
olfactorius  is  of  very  great  length.  Among  osseous  fishes  the 
variations  are  still  greater;  in  the  pike,  salmon,  perch, 
gurnard,  &c*,  on  the  one  hand,  there  is  a  very  long  nervus 
olfactorius,  springing  from  a  bulbus  olfactorius  which  is  in 
close  contact  with  the  hemispheres;  on  the  other  hand,  in 
the  cod,  carp,  &c.,  as  in  the  skate,  the  bulbus  olfactorius  is 
situated  near  the  olfactory  or^an,  and  is  far  removed  from 
the  rest  of  the  brain,  with  wiiich  it  is  connected  by  a  long 
tractus  olfactorius. 

A  question  of  far  more  morpholooical  interest  is  the  relation 
of  the  olfactory  nerve  to  the  other  cranial  nerves.  My  ob- 
servations, if  confirmed,  prove  that  in  the  chick  up  to  the 
end  of  the  sixth  day,  in  the  dogfish  up  to  staj^e  o,  and  in  the 
salmon  ajid  trout,  at  any  rate  up  to  the  time  of  hatching,  the 
olfactory  nerve  agrees  very  closely  in  histological  characters 
and  in  general  anatomical  relations  with  the  other  cranial 
nerves.  I  propose  now  to  consider  these  resemblances  more 
in  detail,  and  specially  in  reference  to  the  question  of  the 
segmental  value  of  the  olfactory  nerve. 

Certain  of  the  cranial  nerves — e.g,  the  facial  and  glosso- 
pharyngeal— have  long  been  acknowledged  to  possess  seg- 
mental value.  If  we  consider  the  mode  of  development  of 
these  segmental  cranial  nerves,  we  find  that  they  agree 
among  themselves,  and    differ  sharply  from    other    nerves 

*  Vide  *  Quain's  Anatomy,'  8th  edition,  vol.  i,  p.  526. 
'  Balfour,  op.  cit.,  p.  178. 


MUKPHOtUOV  or  THE   VBKTKHJttrB  ULFACTUItV  OimAN. 


Slfl 


shifi 

m 


or    branches    of   nerves    in    the    foMow'ing    embryological  1 
cbantcirrs : 

1.  'ITiey  appear  very  early. 

5.  They  arise,  at  least  iii  the  chick,  from  the  neural  crest 
on  ihe  mid-iiorsal  siirfaoe  ufthe  brain. 

3.  Shortly  after  their  appeamnce  their  root§  undergo  a 
shifting   downward  of  their  points   of  attachment,  so  that 

*iey  DO  lonf;er  arise  from  the  dorsal  surface,  but  from  the 
'  •»  of  the  brain. 

4.  They  present,  at  least  in  their  early  stages,  ganglionic 
llarg^ments  on  or  close  to  their  roots  of  origin. 
fi.  Their  course  is  at  right  angles  lo  the  longitudinal  axis 

of  the  head. 

6.  Finally,  they  have  very  definite  relations  lo  the  seg- 
uf  (he  head,  as  indicated  by  the  visceral  clefts,  each 
supplying  the  two  sides  of  a  cleft. 

The  true  cranial  segmental  nerves,  such  as  the  facial  and 
le  gloato-pharyngeal,  agree  in  presenting  all  these  charac- 
Tera.  On  the  other  hninl,  the  non-segmeutal  nerves,  or 
branches  of  nerves,  though  they  may  possess  some  of  the  cha- 
racters above  enumerated,  yet  never  present  all,  and  rarely 
mure  than  one  or  two.  This  test  suffices  to  dispose  of  the 
rUims  to  segmental  rank  of  the  optic,  the  auditory,  the 
fourth,  and  siith  nerves,  and  vf  the  ophthalmic  branch  of 
the  irigrminal  nerve ;  while,  od  the  other  hand,  it  serves  to 
demonstrate  the  segmental  value  of  the  third  nerve. 

I  pru|Ktse  now  to  apply  this  test  to  the  olfactory  nerve.         ' 

1.  In  all  the  types  examined  the  olfactory  nervo  appears 
very  early.  Though  the  exact  date  of  its  first  appearance  has 
oot  been  determined  with  certainty  in  any  case,  yet  there  is  no 
n!«>on  fur  thinking  that  it  arises  later  than  the  oilier  cranial 
nvrre*.  In  all  the  types  considered  it  appears  before  the 
crrebral  hvnii«phpre«.'  In  the  dogfish  it  makes  its  appear* 
ance  earlier  than  stage  k,  and  in  the  chick  there  ^re  strong 
n-ason*  fur  thinking  that  it  is  "  one  of  the  first  nerves  in  the 
body  to  appear."* 

It.  I  have  already  attempted  elsewhere  lo  prove  that  in  tlie 
chick  the  olfactory  netve  is  developed  from  the  neural  crest.' 


n  thft  matter  Rinelf,  I  liavc  n 
villi  abuilute  orrtainijr  in  the  i 


<  Tboai^  I  hiTE  but  Utilp  dou 
■■eeecded  in  determiniog  tliis  )<oiiit  n 
tteUnfd.  I 

*  '  QkuUiIj  Journal  Mioroseopiciil  Science,'  J*d.,  Itt78,  p.  93,  I 

*  Loe.  dt.,  pp.  17  —  19.  With  nfcrcncc  to  the  eilrnsioa  forward  of  the 
■earal  rmt  in  ilir  chick  to  the  (orctirBiii,  I'tat.  KuUikrr  >nj:geit»  (u|>. 
Ol .  PP'  *^' — '*■  '''**  I  ''""  ^"^  mtileJ  by  certain  fold*  which  ■|ipr»f 
dartu  diatute  of  lite  ninlullHr;  eanal.  and  lo  which  Hii  hMaliwuly  ilirtH'lciJ 
— Wilfc  sU  du«  tv*poct  far  Fiof.  Kidlikor'a  aulhorilj,  1  canuut 
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I  have  nothing  to  add  to  the  arguments  already  given, 
though  I  am  fully  aware  that  the  point  is  not  yet  proved. 
In  the  Elasmobranchs,  the  only  other  vertebrates  in  which 
the  presence  of  a  neural  crest  has  been  accurately  described,^ 
the  anterior  limits  of  this  crest  have  not  been  fixed  with 
certainty. 

3.  The  shifting  down  of  their  roots  of  origin,  one  of  the 
most  striking  features  of  the  segmental  nerves,  is  a  very 
constant  and  well-marked  point  in  the  development  of  the 
olfactory  nerves.  It  is  well  shown  for  birds  in  figs.  10  and 
II,  and  for  the  dogfish  in  figs.  19  and  20.  In  the  dogfish 
the  displacement  of  the  roots  is  less  extensive  than  in  the 
chick — a  point  obviously  correlated  with  the  greater  develop- 
ment of  the  cerebral  hemispheres  in  the  latter. 

4.  The  course  of  the  segmental  nerves  in  their  early  stages 
is,  speaking  within  certain  limits,  at  right  angles  to  the 
longitudinal  axis  of  the  head  at  their  point  of  origin.  The 
facial  and  the  postauditory  nerves  arise  from  a  part  of  the 
head  in  which  this  axis  is  a  straight  line  ;  the  nerves  conse- 
quently run  parallel  to  one  another,  as  is  seen  in  figs.  4 
and  6.  In  front  of  the  origin  of  the  facial  nerve  the  axis  of 
the  head  is,  owing  to  cranial  flexure,  no  longer  a  straight 
line,  but  a  curved  one.  The  trigeminal  nerve  is  disturbed 
only  to  a  very  slight  extent,  but  it  will  be  seen  in  fig.  4  that 
instead  of  running  parallel  to  the  facial,  the  two  nerves  con- 
verge slightly  towards  their  distal  ends.  In  the  region  of 
the  midhrain  the  effects  of  cranial  ilexure  are  very  well 
marked  ;  but  fig.  6  shows  that  the  course  of  the  third  nerve, 
the  segmental  nerve  arising  from  the  midbrain,  is  still  at 
right  angles  to  the  longitudinal  axis  at  its  point  of  origin. 
Since  the  direction  of  the  axis  at  this  point  is  almost  at 
right  angles  to  its  original  direction,  so  also  the  third  nerve 
is  seen  to  take  a  course  almost  at  right  angles  to  Uie  facial  or 
glosso-pharyngeal.  Similarly,  the  course  of  the  olfactory 
nerve  is  at  right  angles  to  the  longitudinal  axis  of  the  head 
at  its  point  of  origin;  and  its  direction  is  such  that  if 
cranial  flexure  were  corrected  and  the  head  straightened 
out  the  olfactory  nerve  would  run  parallel  to  the  third, trigemi- 

accept  this  explanation.  My  speriniens  leave  no  room  for  doubt  that 
whatever  may  be  its  niorphologiral  importance,  the  neural  crest  is  a  per- 
fectly continuous  structure,  extending  iu  the  chick  at  the  twenty-ninth 
hour  from  the  anterior  end  of  the  optic  vesicles  nearly  to  the  end  of  the 
hindbrain.  1  am  acquainted  with  folds  such  as  Prof.  Kolliker  describes, 
but  have  only  met  with  them  in  imperfectly-prepared  specimens,  and  espe- 
cially in  specimens  hardened  in  chromic  acid,  which,  in  my  hands,  at  least, 
has  always  proved  a  prculiarlv  unreliable  hardening  agent. 
»  Bailour,  *  Elasmobranch  Fishes,'  pp.  191,  11)2. 
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nul,  facial,  and  other  Begmental  nerves.  I  have  investigated 
Terj^  carefully  this  point,  nhich  I  am  disposed  to  regard 
ma  uf  some  importance,  and  find  that  in  ihe  chick, 
at  a  time  when  cranial  flexure  has  attained  its  maximum 
development,  the  angle  formed  by  prodncing  the  direction 
of  the  ulfactory  nerve  and  of  the  facial  or  glosso -pharyngeal 
nerves  until  they  meet,  is  almost  identical  with  that  which 
meaaures  the  amount  of  cranial  fieiure ;  the  angle  in 
either  case  being  about  1S0°.  The  course  of  the  olfactury 
Derre  in  dogfish  embryos  is  shown  in  figs.  17  iind  18,  and 
ill  Ihe  salmon  in  figs.  S3  and  34. 

6.  This  is  a  point  of  comparatively  Uitle  importance, 
inasmuch  as  in  the  embryo  ganglia,  or  local  accumulations 
of  nervc-cells,  appear  to  be  develoj)ed  in  a  very  irregulai 
mannrr,  and  at  very  various  points  in  the  course  of  the  uerves. 
Siill  ii  is  a  point  not  altogether  destitute  of  weight,  since 
those  cranial  nerves  which  appear  for  other  reasons  to  have 
DO  claim  to  rank  as  segmeuial,  are  also  peculiar  in  not 
powcsfring  giinglionic  enlargements  at  or  near  their  roots 
of  origin  in  the  early  stages.  In  the  chick  these  ganglia 
•re  shown  for  the  olfactory  nerves  in  figs.  7,  8,  and  9  ;  for 
li«  third  nerve  in  fig.  6  ;  and  for  the  trigeminal  in  fig.  4.  lu 
ihe  dogfish  the  ganglia  of  the  olfactory  nerves  are  shown  ia 
',1.20  and  21. 
6.  The  discussion  of  the  question  whether  the  olfactory 
TTe  is  related  to  a  visceral  cleft  in  the  same  manner  as 
le  segmenlal  nerves  are  to  their  respective  clefts,  will 
Ind  a  more  suitable  place  after  the  developmetit  of  the 
'olfactory  organ  has  been  considered. 

The  distance  between  the  root  uf  the  fifth  nerve  and  that 
ofthv  third  ia  somewhat  greater  than  that  between  the  fifth 
■ud  the  facial,  while  that  between  the  third  and  the 
olfactory  is  greater  still.  These  facts,  which  are  obviously 
corTelaird  with  the  great  hypertrophy  of  the  anlrrior  part 
of  the  lirain,  from  which  the  nerves  in  question  spring,  can 
i-cerlatnly  not  l>e  used  as  argumeuls  against  tlie  segmental 
ilute  of  the  olfactory  nerve. 

Though  the  olfactory  nervp,  from  the  earliest  i>criod  at 
h  it  is  rccogiiisubk-  as  such,  is  thus  seen  to  agree  with 
•rgmental  nerves  in  all  essential  characters,  it  yc( 
t*  one  or  two  minor  ]M>inIs  uf  ditTerence.  In  the  firai 
Uce,  oiling  to  the  close  proximity  of  the  furebraiu  to  th« 
pit,  thcolfatiury  nerve  ia  shorter  than  the  othercruni:>I 
uervn  at  the  Mnmc  age.  Secondly,  the  olfactury  appcnis 
to  lag  hi'hind  the  others  in  ilovelopment  i  thus,  at  a  tino 
«b«ti  the  other  nerves  arc  fibrillar  along  lite  greaifr  part  of 
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their  length,  and  only  jireseiU  nerve  eelli  in  any  coiimiIi-r«ljIe 
number  Rt  cerUiin  jwiuls,  the  olfactory  ner»e  still  jtresen la 
nerve-cells  along  its  wliole  length.  This  second  ilifftTciicp 
appears,  however,  lo  ilt>|ieii<l  on  the  first,  sinct;  hb  tho  iiervt; 
elongates  with  age,  v/v  find  it  gradually  Inking  on  tlit-  faiKtu- 
logical  characters  of  tiie  other  nerves,  i.e.  ihe  greater  part  of 
its  length  becomes  fibrillar,  and  the  nervt^-Cflls  confined  to 
the  two  extremities,  where  they  form  gHnglionic  swellings. 
Tlie  practieal  importance  of  these  differeiicea  is,  however, 
considerable,  since,  owing  to  the  olfiictury  nerve  coiisistiog 
for  Fome  time  after  its  lirst  appearance  HlniDst  entirely  of 
rounded  cells,  it  is  very  difTicult  to  distinguish  from  tho 
stirrimndtiig  mesublast,  and  uiay,  therefore,  very  readily  h* 
overlooked. 

The  olfactory  nerves  are  hy  most  authors  considered  n 
tofullyditTerentmnrphologicalvuliie  to  the  other  cranial  ncrvj 

According  tu  Gegenbaur,  "the  cerehral  nerves  .  .  ,  j 
arc  seen  to  hreak   up    into    two    very    distinctly    mark^ 
divisions,  when   examined  after    the   comptirniive   inethoT 
One  division,  the  lBr);cr,  contnins  tierves  which  more  or  I 
ftgree  with,  or  might  even  be   derived   from,  spinal  i 
while  the  other  contains   Ihose  whith  have  not  t/ie /ainlott 
resemblance  la  spiiial  ucrreg.     This  latter  divison  contains 
two  specific  sensory  nerves,  the  olfactory  and  the  optic."' 

Again,  I'ruf.  Huxley  says,  "The  greatest  number  of  potii 
of  nerves  ever  given  off  from  the  vertebrate  brain  is  twulyr 
including  the  so-called  olfactory  nerves  and  the  otitic  nervt 
which,  as  has  been  seen,  are  more  properly  tliceritcula  of  ihv 
brain  than  nerrct  in  the  proprr  sentfi  of  the  word.  The 
olfactory  'nerves'  (oljiiclorii)  constitute  xhe  first  pair  of 
cerebral  nerves.  They  always  retain  their  pritnary  connec- 
tion Kith  the  ct/rehrai  kemiipherea,  and  frequently  contain, 
throughout  life,  a  cavity,  ihe  olfactory  vmtrtde,  which  com- 
ttiunicniea  with  ihe  lateral  ventricle."^ 

Finally,  llulfour  considers  that  the  "very  late  appearatiMMj 
and  peculiar  reliilions"  of  the  olfactory  nerve  "Kre,ai  leM~ 
for  tho  present,  to  tny  tnind  t^uHicienI  grounds  for  cxcludil 
it  from  the  category  of  segujental  craninl  urrvi 

1  have  already  atlemplcd  to  show  that  the  cxistenw  0 
an  ulfacloiy  lobe  or  vesicle  can  in  no  way  be  said  to  mill 
tale    against  the   eatablishmenl   of   a    complete  lioinol(M 
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between  the  olfactory  and  the  other  cranial  nerves.  A  structurftfl 
that  d(n^  uot  make  tlie  slightest  uppearance  till  the  seveiilh] 
■by  in  the  chick  and  sta^^   O  in   the  dugfisli  ;    a  slructuri 
^B«t,  in  the  chick,  ilues  not  appear  till  long  after  the  i 
^■iTe  acquiretl  their  connection  with  tbe  cerebral  hemispheres,^ 
^E  connection    which  I  must    repeat  is  a  purely  tecondarj^H 
Bbv,  auil  not,  as  Fruf.  Huxley  wuuld  hnve  it,  primary  ;  such 
^B  Btmi-ture    cuti    hardly  be  deemed    of    sufficient  murpho- 
^■igicnl    iniportani.-e    to    outweigh    the    very    obvious    and. J 
^kiking  teserobtancea  between  the  olfactory  and  the  other] 
^Kfanial  nerve»  to  which  I  have  already  refcrreil. 
^B  Again,  if  my  observations  are  correct,  the  olfactory  nervea 
^bnnot  be  said  to  appear  "  very  late ;"  while,   if  I    may;l 
BisuTne  that  1   have  fairly  disposed  of  the  olfactory  vesicl&T 
^ufficalty,  t  fail  to  see  what  are  tlie  "  peculiar  relations  "  (  * 
^Be  olfactory  nerve   that  would  justify  its  exclusion  "  fronsf 
^fte  cAU-gory  of  segmental  cranial  nerves." 
H^The  comlition  of  the  central  nervous  system  appears  to  m* 
^p  nflurd  evidei.ce  of  sume  value  in  favour  of  the  segmentnt'^ 
^■iturc  of  the  olfactory  nerve.     There  is  certainly  no  obvioi 
^pason  why  tbe  anterior  cerebral  vesicle,  or  forebrain,  of  the 
Hinbryu  should  be  considered  to  be    of  a  different   nature 
^W  th«  middle  cerebral    vesicle,  or  uiiUbniin,  or  to  any  one 
Bf  the  vesicles    of    the  hindbraiu.     The  early  embryonic 
Hknijes  afford  no  evidence  whatever  of  a  break   of  any  kind 
Between  the  fore  and  midbraiuG  ;    and,  if  the  nerves  arising 
^Buin  the  mid    and   hindbrains  have  segmental  value,  there 
H)  surely  a  presnmption  in  favour   of  the  nerve   that   takes 
^Rb  origin    in   the  forebrain  having  a  similar  aud  equivalent 
^■tlue;    »  presumption  greatly  increased   in   pmbaliility  by 
^fae  close  similarity  between  the  early  stages  of  development 
Hfiltat  nerve  and  of  the  nerves  arising  further  back  in  the 
Hrain. 

^1  It  still  remains  to  be  considered  what  is  the  morphological 
^hnport  of  the  olfactory  lobe  or  vesicle  ;  but  this  is  a  quL-stion 
^b  which,  in  the  present  slate  of  our  knowledge,  any  answer 
Hbat  may  be  given   must    partake  very  largely  of  ■  specu-  _ 
^piive    nature.      The  principal  facts    we  have  to  guide   uaJ 

rr  to  be  :  ■ 

The  very  late  appearance  of  the  olfactory  lobe.  fl 

H  It.  The  fact  that  though  the  olfactory  lobe  is  obviouaira 
Kbtmeou-d  with  the  root  of  origin  of  ihc  olfactory  nerve,  yed 
^M  bns  nn  relation  to  the  original  position  of  the  root  a9 
^Bic  iivrve,  and  does  nut  appear  till  this  root  has  acquired 
^B  new,  aud  piirrly  secondary  position.  ■ 

^k  8.  The  t'aui  that  the  olfactory  lutie  does   nut    appear  afl 
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equivalent  periods  in  the  development  of  different  verte- 
brates. In  the  dogfish  the  olfactory  lobe  appears  before  the 
division  of  the  forebrain  into  cerebral  hemispheres  takes 
place ;  in  the  chick  not  till  long  after  the  appearance  of 
the  cerebral  hemispheres;  and  in  the  salmon,  at  any  rate^ 
not  till  after  the  time  of  hatching. 

These  facts  would  appear  to  indicate  that  the  olfactory 
lobe  is  to  be  viewed  rather  as  an  adult  or  adaptative  than  as 
an  embryonic  or  primitive  structure ;  a  view  that  is  materially 
strengthened  by  the  great  variations  in  relative  size  of  the 
three  elements  of  the  olfactory  nerve  in  various  adult  verte- 
brates, to  which  attention  has  already  been  directed. 

One  of  the  most  remarkable  features  of  the  early  stages  of 
development  of  all  vertebrates,  is  the  enormous  preponderance 
of  the  central  nervous  system  to  which  at  first  everything 
appears  to  be  subordinate,  and  which  exercises  a  most 
important  influence  on  the  shape  of  the  embryo.  The  rapid 
growth  of  the  neural  surface  causes  the  body  to  become 
curved  towards  the  ventral  surface ;  this  curvature  is  naturally 
most  marked  at  the  free  extremities  of  the  body,  and  at  thehead 
end  is  the  main,  if  not  the  sole,  cause  of  cranial  flexure. 
Owing  to  this  cranial  flexure  the  forebrain  gets  carried  in 
front  of  the  olfactory  sacs,  and,  consequently,  the  olfactory 
nerves,  wl^ich,  as  we  have  seen,  acquire  their  connection  with 
the  olfactory  sacs  at  a  very  early  age,  at  first  run  in  a  direc- 
tion downwards  and  backwards.  Vide  figs.  2,  15,  17, 
and  18. 

Having  attained  this  enormous  relative  development  the 
nervous  system  stops  for  a  while,  and  the  face  begins  to 
grow  more  rapidly,  causing  the  so-called  rectification  of  the 
cranial  flexure ;  the  olfactory  sacs  get  carried  further  and 
further  forwards,  so  that  the  olfactory  nerves,  instead  of 
running  downwards  and  backwards,  now  run  directly  down- 
wards, or  downwards  and  outwards  as  seen  in  fig.  33.  The 
face  still  continuing  to  grow  rapidly,  while  the  brain  under- 
goes little  or  no  increase  in  length,  the  olfactory  sacs  get 
carried  in  front  of  the  forebrain,  so  that  the  olfactory  nerves 
now  run  downwards  and  forwards.  A  continuation  of  this 
process  carries  the  olfactory  sacs  still  further  forwards,  to  an 
extent  varying  much  in  difierent  vertebrates,  so  that  the 
olfactory  nerves  ultimately  run  directly  forwards  as  in  most 
adult  vertebrates.      Vide  tig.  S6. 

All  the  nerves  of  the  body  undergo  during  their  develop- 
ment a  considerable  lengthening,  owing  to  the  gradual 
separation  of  their  central  and  peripheral  ends ;  but  while 
in  the  case  of  ail  the  other  nerves  this  is  a  gradual  and  con- 
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linuoui  process,  commencing  with  their  earliest  appcarrtnce, 
Iht  olfaclury  nerves  are  somewhat  peculiarly  situated,     lii 
their  early  sttiges,  oniug  to  the  close  proximity  of  the  olfac- 
tory saca  lo  tlie  brain,  the  olfactory  nerves  are  exceptionally 
^^^)n;  and,   owing    to    their  origins  being  at  6rs[    further 
^^^nrard  tb«ii  their  insertions,  the  growth  forwards  of  the 
^^^^■p  carrying  the  olfactory   sacs   with  il,  does  not  at  first 
^^^Ble   any   lengthening  of  the  olfactory  nerves.     It  is  nut 
^T!B  the  «cs  gel  in  front  of  the  forehrain  that  any  tenglheiiini; 
it  neces»Hry,  but  no  sooner  does  this  occur  than  a  sudden 
call  i»  made  on  the  olfactory  nerves,  which,  previously  quies- 
^^flgpt,  now  have  to  cuinmence  growing  riLpiilly  in  length  and 
^^^uoniinue  so  doing. 

^^^p  Mould  therefore  suggest,  without  wishing  to  attach  loo 

^^^fc^  weight  to  the  suggestion,  that  this  elongation  of  the 

^^wEwUiry  nerve,  occurring  under  these  eKceptiunal  conditions, 

may  take  place  partly  at  the  vxpvnse  of  the  nerve  itself,  and 

jMlTlIy  ■(  the  ex)ieii§«  of  the  brHiii ;  and  that  it  is  in  this  way 

"'    t  the  olfactory  lube  is  produced.     It  is  certainly  worthy 

Alice  that  in  the  two  types — chick  and  dogfish — in  which 

pvcatcrrlaiued  with  precision  the  date  of  its  first  appear- 

te,  ihe  olfactory   vesicle  cunieH   into  existence  just  about 

llinu;  thai  the  most  rapid  growth  of  the  nose  and  snout 

Brs,  and  cuusequently  just  about  the  time  when  a  sudden 

■  lapid  lengtbenint;  of  the  olfactory  nerve  becomes  neces- 

It  is  also  a  significant  fact   that  the  olfactory   lobo 

I  very  rapidly  at  first,  the  nerve  itself  remaining  nearly 

!be  alKive  suggestion  renders   it  easily  intelligible   that 

■mch  variety  should  exist  as  to  the  relative  lengths  of  the 

lumu  and  trarftu  ol/actorius,  even  in  nearly  allied  verie- 

braUs;  whtlu  it  is  quite  possible  that,  at  any  rate  in  some 

^^fatea,  th«  ikeletal  elemfnts  may  hnve  an  important  share 

^^^pBetmining  the  relative  growth  of  nerve  and  brain. 

^^r  11.    Thf<  Olfactory  Organ. 

a.  linelopmenl  of  the  olfactvty  organ. — The  consideration 
of  the  olfactory  nerve  having  taken  np  far  more  space  than  I 
had  originally  anticipatt^d,  1  shall  lie  compelled  to  deal  with 
lb«  olfactory  organ  in  a  sonicwbat  more  suniniary  fashion. 
Tha  points  lo  which  I  wish  here  to  call  atleniiun  are  the 
mnarltable  resemblances  that  exist  between  the  olfactory 
piU  and  the  visceral  clefts.  As  in  the  first  part  of  the 
paper  I  shall  deal  first  with  matters  of  direct  observation, 
tuul  aftctwards  consider  the  llieoretical  side  of  the  subject. 
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The  vertebrate  olfactory  organa  make  their  first  apj 
ance  as  "  a  pair  of  slight  thickenings  of  ihe  exteninl  epi 
on  the  under  sutfacc  of  the  forehrAJn,  imtiu'iliiticly  in  fi 
of  the  month.     .    ,    .    Enrh  thiukeneil  patch  of  itkiii 
becomes  itivoluteil  as  a  shallow  pit."' 

In  the  dogfish  these  ihick^ninKs  appear  "  dnrini^  a  at  _ 
inlcrmrdiiite  between  I,  and  ic  "  (Balfour).  Their  ronditioft] 
during  stage  K  is  well  shown  in  Hgs.  13  nnd  14  (o//".) ;  the 
former  figure  hcin;*  a  lonj^itudinal  and  horizontal  section, 
the  latter  a  verticiil  and  transverse  one.  The  exceedingly 
close  proximity  of  the  bottom  of  the  olfactory  pit  to  thu 
brain  is  well  shown  by  both  figures.  Pig.  13  siiows  aUo 
that  at  a  time  \vhen  the  nose  is  in  a  very  rudimentary  con- 
dition, the  eye  (o,  c.)  has  already  made  considerable  progress 
in  development,  a  point  to  which  Italfour  has  already  directi 
attention. 

The  communication  between  the  visceral  clefts  and 
exterior  is  established  almost  simultaneously  with  the  first 
appearance  of  the  olfactory  pits.  At  stage  i.  there  are 
"  three  visceral  clefts,  none  of  which  are  as  yd  open  to  the 
exterior."*  At  stnge  k,  according  to  Balfour,  "  four  vittceml 
clefts  are  now  visible,  all  of  which  are  open  to  the  extei 
but  in  a  transparent  embryo  one  more,  not  ojwn  to 
exierior,  would  have  been  visible  behind  the  last  of  these.' 
The  visceral  clefls,  then,  first  become  open  to  the  uxieiil 
between  stages  l  and  k,  and  we  have  already  seen  that 
is  between  these  same  two  stages  that  the  thick>-nings  of  ll 
epiblaat  appear  which  form  the  earliest  rudimeula  of 
olfactory  pits. 

In  the  chick  tlic  early  stages  of  development  of  th?  ol 
Inry  pits  closely  resemble  those  just  described  in  the  d<  J 
Fig.  1  represents  a  longitudinal  and  horizontal  secttoa 
through  the  head  of  a  fifty-four  hours'  chick  embryo;  the 
section,  which  may  with  advitnlnge  be  eompiircd  with  fig.  1.3, 
shows  on  the  right  side  the  olfactory  pit  (o//'.),  formed  by  the 
thickened  and  involuted  epiblast,  and  in  cloae  proximity 
to  the  forebrain  (/.  b.) ;  on  the  left  side  the  section,  whicn 
is  a  little  oblique,  passes  through  the  thickened  opibtast 
forming  the  margin  of  the  olfactory  pit,  and  ibrougli  tlie  eve 
[o.  I?. J.  Two  visceral  clefts  (v.  c.)  are  shown,  both  open  to  tiie 
exterior. 

The  oarliMl  jwriod  in  the  chick  at  which  I  hi 
the   thickening   of  the   olfactory  epithelium    is  about 

>  Balfour,  op,  cit.,  p.  1S4. 
'  ItuKuor,  u|i.  cil.,  p,  7J. 
•  Up.  cit..  p,  78. 
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furty-fighlli  hour;  a  period  almost  identical,  as  in  the  dog- 
fish,  with  the  opeiiin)^  of  the  visceral  clefta  to  the  exterior. 

In  the  trout  the  mode  of  development  of  the  olfactory  pits 
GorrespondB  very  closely  with  that  occurring  in  the  chick  and 
dogfish  ;  and,  as  in  these  two  types,  their  first  appearance 
cuincideit  almost  exactly  with  the  opening  of  the  visceral 
clefts  to  the  exterior. 

The  connection  between  the  olfactory  nerve  and  the  bot- 
tom of  the  olfactory  pit  is,  as  already  noticed,  acquired  ex- 
cvediugly  early,  very  shortly  indeed  after  the  appearance  of 
the  latt«T.  The  condition  of  the  olfactory  organ  in  the  dog- 
fish is  shown  at  stage  m  in  figs-  15,  16,  and  19;  and  at 
atmgc  o  in  figs.  IT,  18,  and  20.  In  the  chick  the  olfactory 
organ  is  shown  at  the  sixty-fourth  hour  tn  fig.  H,  at  the 
aixty-Mventh  in  fig.  3,  and  at  the  uinety-sixth  hour  in  figs. 
5  and  6. 

Throughout  their  early  Btages  of  development  the  olfactory 
organs  pnsent  a  striking  resemblance  to  the  visceral  clefts, 
both  ill  form,  position,  and  general  relations — a  resemblance 
which  it  will  be  necessary  to  consider  in  some  detail,  inas- 
much aa  it  has  been  very  generally  overlooked  hitherto. 

Fig.  S  represents  a  longitudinal  and  vertical  section  through 
the  head  of  a  chick  embryo  at  the  sixty-seventh  hour.     The 
section,  which  is  taken  in  a  plane  not  far  from  the   surface, 
pasKPS  through  the  hind,  mid,  and  forebrains,  through   the 
«iidilory  vesicle  (aur/. J,  the  eye  (o.c),  the  trigeminal  (v),  and 
auditory  (vm)  nerves,  through  tfap  anterior  visceral  clefts  and 
arches,  and  through  the  olfactory  pit  {olf.).     The  olfactory  pit 
i«  seen  to  bear  a  marked  resemblance  to  the  visceral  clefts: 
like  them  it  is  situated  on  (he  ventral  surface  of  the  head  ; 
it  ia  open  below  -,  its  axis  is  at  right  angles  to  the  longitu- 
dinal axis  of  the  head,  so   that  were  the  head  straightened 
out  it  would  be  paiallel   to  the  clefts  ;  and  its  general  ap- 
pearaoce  and  relations  are  such  as  to  strongly  suggest  the 
view  that  it  is  one   of  the   same    series  of  structures  as  the 
viaceral  clefts.     It  is  indeed  sepnrated  from  the  next  cleft, 
thai  in    front  of  the  mai^illary  nrch    (^fx.),  by   an   interval 
somewhat  greater   than   that  separating  the    hinder  arches 
fran  one    another ;    but  when  vte    consider    the  enormous 
^jusrrtrophy  which   (he  part  of  thebrniii    with  which    it  is 
^^^^■ectad  has  undergone,  this  becomia  rather  an  argument 
^^^^BTOur  of  than  against  the  comparison. 
^^^Vig*-  ^>  ^'  ^"^^  **  *"^  three  sections  taken  from  the  same 
^^^mbryo,  a  uinety-aix  hourii'  chick.     Of  these  seriionst  which 
«r«  taken  in  a  longitudinal  vertical  plane,  that  given  in  fig. 
i  i»  the   most  superficial,  that  in  fig.  6  the  deepest  of  the 
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Fi|;8.  5  and  6  are  drawn  from   ronsecntiT«  tn-tiono, 
Wtweeii  figs.  4  and  5  two  sectious  intervened.     TIivm 

I  illuatrate  well  the  points  to  which  I  have  just  called 

attention ;  they  show  that  the  visceral  clefts  form  a  conti- 
nuous series  of  structures,  of  which  the  most  nntrriur  is,  not 
the  mouth  cleft  (between  Mn.  and  Mx.),  but  the  cleft  io 
front  of  the  maxillary  arch;  a  cleft  that,  following  Prof. 
Parker,  I  propose  tu  speak  of  as  the  lachrymal  cleft :  they 
show  further  that  just  in  front  of  the  laclirymal  cleft  is  th« 
olfactory  pit  (off.),  and  that  the  relations  of  (he  pit  are  aucb 
as  to  inevitably  suggest  that  the  olfactory  organ  is  one  of 
the  same  aeries  of  structures  an  the  visceral  clefts.  Comet 
the  cranial  flexure,  and  straighten  out  the  head,  and  the 
resemblance  would  amount  almost  to  identity.  I  have  only 
to  add  that,  though  these  figures  arc  semi-diagrammatical, 
yet  as  far  as  the  outlines  go,  which  atone  concern  us  At 
present,  they  are  as  absolutely  accurate  as  I  have  been  able 
to  make  them. 

The  resemblance  between  the  olfactory  organ  and  the 
visceral  clefts  is  quite  as  marked  in  the  early  stages  of  |he 
dogfish  as  in  the  chick;  but  to  convey  anything  like  an 
adequate  idea  of  it  would  require  a  much  more  extensive 
series  of  figures  than  I  am  able  to  give  here. 

Fig.  16  is  taken  from  a  longitudinal  and  vertical  aeclion 
through  the  head  of  a  dogfish  embryo  at  stage  M.  Th9 
section  which  is  taken  very  near  to  the  surface  passes  through 
the  auditory  vesicle  (aud.),  parts  of  the  trigeminal,  facial, 
auditory,  glosso- pharyngeal  and  vagus  nerves,  the  second 
head  cavity  {h.  'i),  the  eye  {o.c),  the  mandibular,  hyoid,  and 
tint  four  branchial  arches,  as  well  as  through  the  olfactory 
pit  (ol/.).  The  section  is  a  little  deceptive,  inunmuch  an,  owing 
tu  the  head  being  somewhat  consirictcil  just  beliitid  the  eyos, 
the  buccal  and  lachrymal  clefts  do  noi  appear  at  alt,  while 
the  constriction  just  referred  to  presents  somewhat  the  ap- 
pearance of  a  visceral  cleft  between  the  olfactory  organ  «i 
the  mandibular  arch,  and  might  [wssibly  be  mistaken 
one  on  a  superficial  examination.  The  figure  illustrt) 
well  the  resemblance  Wtwecn  the  olfactory  organ,  which 
larger  than  at  a  corresponding  :tIago  in  the  chick,  and  tb« 
visceral  clefts. 

Fig.  18  shows  the  same  parts  in  a  dogtish  embryo  of  stage 
o;  as  in  ihe  preceding  figure,  and  fiir  (he  »amo  cause,  the 
buccal  and  lachrymal  clefts  do  not  appi-ar  in  the  M'«iiun,  hat 
the  fi;;nre  shows  the  general  lesemblance  in  pnoiliun  and 
relations  that  exists  between  the  olfoetory  orgau  a 
hinder  visceral,  or  bianchial,  clcfu. 
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In  oonneclioD  with  this  point,  the  study  of  whole  embryos 
Mffbrds  evidence  fully  as  striking  as  that  yielded  by  Eections. 
I  fTDuld  here  refer  especially  to  certain  of  the  figurps  given  by 
Professor  Parker  in  his  monograph  on  the  "  Structure  and 
I>evelopDient  of  the  Skull  in  Sharks  and  Skates,"  published 
in  the  '  Transactions  of  the  Zoolt^ical  Society  '  for  1879 : 
on  Plate  XXXIX  side  views  of  the  heads  of  embryos  of 
Haia  mtu!ulala  are  given  (figs.  I  and  S),  in  which  the  re- 
semblance between  the  slit-like  aperture  of  the  olfactory 
orgui  and  the  gill  slits  is  shown  with  remarkable  distincl- 
itess.  The  direction  of  the  slit  forms  an  angle  of  about 
120'  with  ihe  hyomandibular  or  spiraculai  cleft,  which 
angle  is  almost  exactly  that  made  by  the  longitudinal  axis 
of  the  forebrain  with  that  of  the  hindbrain,  i.e.  is  the 
amount  of  cranial  flpsure;  hence,  but  for  cranial  flexure, 
Ihe  external  slit-tike  aperture  of  the  olfactory  organ  wouM 
be  pdiallel  to  the  perfectly  similar  gill  slits. 

The  figures  of  (logfish  embryos  of  stages  K  and  l,  given 
by  Mr.  Balfour  on  Plate  VII  of  his  monograph  on  Blasmo- 
branch  Fishes,  illustrate  Ihe  same  points.  The  reference  to 
these  two  works  acquires  additional  weight  from  the  con- 
diilirration  that  the  figures  which  I  have  named  were  drawn, 
]  have  reason  to  believe,  without  the  slightest  intention  on 
the  part  of  the  authors  to  direct  attention  to  the  resem- 
blance. Even  in  an  adult  skate  the  similarity  between  the 
olfactory  organ  and  the  gill  slits  is  sufficiently  striking. 

The  same  points  appear,  if  possible,  still  more  clearly  in 
axolotl  and  salmon  embryos,  especially  in  the  former.  1 
have  found,  however,  that  to  give  any  adequate  representa- 
tion of  these  would  require  a  large  number  of  figures, 
which  figures  would  also  serve  to  illustrate  other  points 
in  the  development  of  the  axolotl,  which  I  hope  to  deal 
with  on  »ome  subsequent  occasion. 

Fig.  30  represenls  a  longitudinal  and  vertical  section 
igh  the  head  of  a  trout  embryo  on  the  thirtieth  day 
fertilisation  of  the  ova.  The  section  passes  through  the 
liiuil  and  midbrains  and  the  eye  (o.  c).  The  ventral  sur- 
face of  the  section  presents  a  series  of  undulatory  folds, 
corrueponding  to  the  bases  of  the  visceral  arches,  with  their 
inlem-niug  clefia.  The  olfactory  pit  (o//",}  is  seen  to  form 
the  most  anterior  of  these  depressions,  and  to  differ  from  the 
binder  clefts  in  little  hut  the  greater  thickness  of  its 
epithelium,  and  the  somewhat  greater  interval  between  it 
'  the  next  dell.  The  cleft  next  but  one  to  the  olfactory 
is  that  over  which  the  trigeminal  nerve  forks — t.  e.  ihe 
t)  orwoutli  cleft;  it  i>  situated  between  the  maxillary 
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(Mx.)  and  mandibular  (Mn.)  arches.  Behind  the  mandibular 
archy  between  it  and  the  hyoidean  arch,  is  the  cleft^  the  two 
sides  of  which  are  supplied  by  the  facial  nerve.  Between 
the  buccal  cleft  and  the  olfactory  pit  a  cleft  intervenes — the 
lachrymal  cleft ;  so  that  the  number  of  clefts  in  the  trout 
agrees  completely  with  that  we  have  already  found  in  the 
chick. 

The  resemblances  between  the  olfactory  pit  and  the 
visceral  clefts  are^  however,  not  simply  those  of  general 
appearance  and  relations ;  they  are  of  a  far  more  intimate 
nature,  and  extend  even  into  the  details  of  histological 
structure.  For  studying  these  more  intricate  relationships 
the  dogfish  has  proved  the  most  suitable. 

The  olfactory  organ  of  a  dogfish  does  not  long  remain 
a  simple  pit ;  very  soon  after  its  first  appearance  its  walls 
become  thrown  into  a  series  of  folds — the  rudiments  of  the 
Schneiderian  folds  of  the  adult.  I  wish  here  to  call  atten- 
tion to  the  resemblances  between  these  folds  and  the  series 
of  folds  which,  arising  from  the  sides  of  the  visceral  clefts, 
form  the  rudiments  of  the  gills. 

I  have  not  myself  observed  the  presence  of  the  rudimentary 
Schneiderian  folds  in  embryos  younger  than  stage  m,  but 
Balfour  has  shown  that  they  not  only  exist,  but  have  acquired 
the  characteristic  adult  arrangement  in  embryos  "a  little 
older  than  k.'*i  With  regard  to  the  gills,  Balfour^s  descrip- 
tion is  as  follows : — "  Towards  the  close  of  stage  k  there 
arise,  from  the  walls  of  the  second,  third,  and  fourth  clefts, 
very  small  knob-like  processes,  the  rudiments  of  the  external 
gills.  These  outgrowths  are  formed  both  by  the  lining  of 
the  gill  cleft  and  by  the  adjoining  mesoblast."^  If,  indeed, 
the  times  of  appearance  be  not  absolutely  identical  in  the 
two  cases,  the  correspondence  is,  at  any  rate,  sufficiently 
striking. 

Fig.  23  is  a  horizontal  and  longitudinal  section  through 
the  head  of  a  dogfish  embryo  at  stage  n,  magnified  twenty 
diameters  ;  it  passes  through  the  fore  and  hind  brains,  the 
notochord  (w),  the  eyes  (o.c),  the  oculo  motor  (ill)  and  tri- 
geminal (vj  nerves,  and  through  the  olfactory  pits  {olJ\). 
The  bottoms  of  these  pits  are  seen  to  be  thrown  into  a  series 
of  small  equidistant  folds — the  Schneiderian  folds. 

Fig.  24  is  a  transverse  section  through  the  body  of  the 
same  embryo,  taken  a  short  way  behind  the  head,  and  pass- 
ing through  one  of  the  branchial  arches  on  either  side.  The 
section  which,  like   the  preceding  one,  is  magnified  tweuty 

'  Op.  cit.,  p.  184,  and  Plate  XIV,  fig.  14. 
*  Op.  cit.,  p.  211. 
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diameters,  shows  also  the  spinal  cord,  with  the  aiit<>rior  and 
posterior  roots  of  a  spinal  nerve,  the  noiocLord  (n.),  muscle 
plates  (fn.^.)i  pharynx  (a/.),  parts  of  the  vagus  nerve,  the 
caniiao  and  dorsal  aorts,  and  on  either  side  the  branchial 
arteries  {b.  a.)  The  free  surface  of  each  brancliial  arch 
presents  a  series  of  small  equidistant  folds,  the  rudiments  of 
the  gills  (g.),  which,  even  under  this  low  magnifying  power, 
hare  a  cloae  resemblance  to  the  Schneiderian  folds. 

In  order  to  show  this  resemblance  more  sat isfac tori ly  I 
have  given  figures  of  the  parts  in  question  on  a  larger  scale. 
Tig.  25  represents  the  right  olfactory  pit  of  fig.  23,  and 
fig.  2(t  the  left  gill  of  fig.  24 ;  hoth  Sgures  arc  thus  taken 
from  the  same  embryo,  and  the  magnifying  power  employed 
— ninety  diameters — is  the  same  in  the  two  cases. 

These  figures  show  that  the  correspondence  between  the 
two  structures  is  by  no  means  confined  to  their  coarser 
anatomy,  but  extends  even  to  histological  details.  The  folds 
arr  seen  to  be  in  the  two  cases — gills  and  Schueideriau  folds 
^-of  th«  same  width,  and  the  same  distance  apart;  in  both 
eases,  though  consisting  mainly  of  epithelium,  they  yet 
invoKc  the  underlying  mesoblast  to  a  certain,  though  slight, 
Citeni,'  but  as  nearljf  as  possible  to  the  same  extent  in  the 
two  oases.  The  epithelium  that  forms  the  greater  part  of 
the  folds  is  of  the  eame  thickness  in  the  two  cases,  and  of 
the  aatne  histological  character,  consisting  mainly  of  columnar 
crlla  in  close  contact  with  one  another,  and  arranged,  as  a 
mie,  in  two  rows. 

The  Hinc  folds  are  shown,  at  a  somewhat  later  period,  in 
figa.  £7  and  28,  the  former  representing  the  Schneiderian 
faM»,  the  tatter  the  gills  of  the  same  embryo.  Though  the 
re»miblances  are  ttill  strong,  there  are  now  well-marked 
<lJfi<FT«DCefl  between  th«  two  structures;  thus,  in  fig.  27  the 
epitheliiiiD  is  sumewhnt  thicker  than  in  the  gills,  while  tlie 
meMibUat  enters  more  largely -into  the  gills  than  the  Schnei- 
derian folds.  Most  of  the  gill  folds  already  present  a  central 
blood-Teuel  ;  it  is  very  difficult  to  satisfy  oneself  of  the  es- 
iawnoc  of  distinct  walls  to  these  blood-vessels,  which  appear 
in  many  cases  to  be  simplv  channels  in  the  mesoblast  form- 
tog  the  axis  or  core  of  each  gilt  fuld.  Similar  blood-vessels 
•xut,  esprcially  at  a  rather  later  stnge,  in  the  Schneiderian 
folds,  and  their  rt^lalions  are  similar  to  tha»e  in  the  gills. 

EvBD  in  adult  Elasmobrauchs  the  Schneiderian  folds  re- 
Mmbk  the  gills   closely  in  their   great   vascular  supply, 

■  this  in  the  CMF  of  tbe  gilli,  bat  describe*  Ihc  Schati- 
'  )h  bI  sfitbsliuni.    0|i.  cil.,  p.  184. 
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the  arrangement  and  distribution  of  the  blood-vessels^  and 
in  the  characters  of  their  surface  epithelium. 

b.  General  considerations. — Hitherto  we  have  been  con- 
cerned simply  with  matters  of  observation  ;  though,  indeed, 
I  have  not  attempted  to  give  a  complete  account  of  the 
development  of  the  olfactory  organ,  but  have  limited  my 
description  to  certain  developmental  features,  in  which  it 
strongly  resembles  the  visceral  clefts;  still  I  have  dealt 
simply  with  facts,  or  what  I  believe  to  be  facts.  I  propose 
now  to  consider  the  subject  from  a  more  theoretical  point  of 
view. 

In  the  first  place  I  would  submit  that  the  very  close 
resemblance  as  to  form,  structure,  general  relations,  time  of 
appearance,  &c.,  existing  between  the  olfeustory  organ  and 
the  gill  clefts,  whether  these  be  considered  as  wholes  or  in 
their  separate  parts,  is  sufficient  to  raise  a  strong  probability 
that  they  are  homologous  structures. 

This  probability  is  strengthened  by  the  complete  absence 
of  similar  structures  in  any  other  part  of  the  bodv  at  any 
period  of  development.  Not  only  do  the  Schneidenan  folds 
and  the  gills  appear  at  the  same  time  and  agree  completely 
in  structure,  but  in  no  other  part  of  the  body  do  similar 
structures  occur,  either  at  this  or  any  other  period. 

Again,  this  probability  gains  very  material  support  from 
the  conclusion  arrived  at  in  the  first  part  of  this  paper,  viz, 
that  the  olfactory  nerve  is  a  segmental  nerve ;  for  we  have 
seen  that  one  of  the  most  important  diagnostic  characters  of 
a  segmental  nerve  is  its  distribution  to  the  two  sides  of  a  vis- 
ceral cleft,  and,  since  the  olfactory  nerve  is  distributed  to  the 
olfactory  organ,  and  to  that  alone,  if  there  be  a  visceral  cleft 
with  which  it  is  in  relation,  the  olfactory  organ  must  be 
that  cleft. 

The  conclusions,  then,  to  which  I  have  been  led  concerning 
the  morphology  of  the  vertebrate  olfactory  organ  are — that 
the  olfactory  organ  is  the  most  aiitcrior  visceral  cleft ;  that 
the  olfactory  nerve  is  the  sey mental  nerve  supplying  the  ttco 
sides  of  that  cleft  in  a  manner  precisely  similar  to  that  in 
which  the  hinder  clefts  are  supplied  hy  their  respective  nerves  ; 
and  that  the  Schneiderian  folds  are  homologues  of  gills. 

The  suggestion  that  the  nasal  organs  are  gill  clefts  was 
originally  made  by  Dr.  Dohrn,  in  his  essay  on  the  origin  of 
vertebrates.  In  discussing  the  question  whether  the  pair  of 
gill  clefts,  which  by  their  median  fusion  formed  the  verte- 
brate mouth,  was  the  most  anterior  pair,  Ur.  Dohrn  says  : 
**  Aber  auch  betreffs  der  vorderen  Kieraenspalten  ist  noch 
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Jie  Verinuthung  zu  aussern,  ob  nicht  vielleicht  in  den  Nasen- 
gruben  eia  Paar  solchen  Spsilten,  freilich  in  weseutlich 
vetiintlerter  Function  und  darum  auch  Structur,  zu  erkenuen 
B«i."' 

Dr.  Dohrn  does  Dot  enter  into  any  details  concerning  the 
suggcstiun  thus  made,  and  dues  not  discusa  the  question  of 
the  olfactory  nerve.  I  am  not  aware  that  be  has  since  pub- 
lished any  furlbei  observations  on  this  point.  The  sug- 
gestion appeared  to  roe,  if  not  untenable,  at  any  rate 
unprovable,  so  long  aa  the  ordinary  account  of  the  develop- 
ment of  the  olfactory  nerve  continued  to  find  acceptance. 

In  addition  to  what  has  been  already  said  there  are,  I 
think,  many  ai^uments  in  favour  of  this  view.  Even  if  we 
leave  out  of  consideration  the  buccal  and  lachrymal  clefts, 
it  is  well  known  that  in  all  vertebrates  above  AraphioxuB 
more  or  fewer  of  the  visceral  clefts  undergo  modification 
to  a  gruater  or  less  extent,  and  that  this  modification  is 
first  fell  by  the  clefts  at  the  two  extremities  of  the  series, 
especially  by  the  anterior  ones  ;  and  it  is  a  point  worthy 
of  notice  that,  while  the  posterior  clefts  tend  simply  to 
clisapi>ear,  the  anterior  clefts  with  their  gills  are  peculiarly 
prone  to  persist  in  a  modified  form.  Thus,  the  first  post- 
oral  or  hyomandibular  cleft  is  the  only  one  which  remains 
in  Sauropsida  and  Mammalia.  Among  Icbthyopsida  this 
cleft  is  apt  to  assume  the  modified  form  of  a  spiracle,  while 
iia  gill  loses  its  respiratory  function,  and  persists  as  a 
pseudobranchia.  Similarly,  the  carotid  gland  of  the  frog 
and  the  choroid  gland  of  Teleosteans  are  probably  other 
instances  of  the  persistence,  in  an  altered  condition,  of 
Anterior  gills.  On  the  other  hand,  when  reduction  is  efiected 
in  itic  number  of  the  gills  from  the  posterior  end  of  the 
series,  aa  in  nearly  all  fishes,  (he  gills  and  their  clefts  usually 
disappear  absolutely  and  compleiely. 

Again,  if  the  olfactory  organ  is  a  gill,  we  should  expect 

Ibi]  the  resemblance  between  the  two  structures  strongeat 
the  most  nrimitivc  vertebrates.  From  what  has  been 
sud  already  tliis  obviously  h  (he  case.  Of  the  various  types 
of  vertebrates  examined  it  is  iu  the  dogfish  alone  that  we 
find  the  intimate  relntion  between  the  development  of  the 
gills  and  that  of  the  Schneiderian  folds. 

Whatever  view  we  may  hold  us  to  the  ancestry  of  verte- 
brates, there  can  be  little  doubt  that  they  have  not  inherited 
ibeir  olfactory  organ  as  such.  At  any  rate,  we  know  as  yet 
of  no  invertsbiates  that  possess  olfactory  organs  from  which 
the   Tcrtcbrate  olfactory  organ   could   possibly   have   been   | 
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derived  by  inheritance.  Hence  it  follows  either  that  yerte« 
brates  must  have  acquired  or  developed  an  olfactory  organ 
completely  de  novo,  or  else  that  their  olfactory  organ  has 
been  formed  by  gradual  modification  of  some  pre-existing 
structure  with  accompanying  change  of  function^.  The  first 
of  these  alternatives  may^  I  think,  be  at  once  dismissed  as 
untenable,  and  then  we  are  left  with  the  second  alternative. 

I  do  not  propose  to  enter  here  into  a  detailed  discussion 
of  the  physiology  of  smell,  but  will  only  remark  that  what 
little  we  do  appear  to  know  definitely  about  it  is  quite  in 
accordance  with  the  view  that  smelling  is  only  a  modified 
form  of  breathing,  and  that  no  very  violent  physiological 
change  would  be  necessary  to  convert  a  gill  into  an  olfactory 
organ.  On  the  other  hand,  the  sense  of  smell  is  something 
of  a  totally  different  nature  to  sight  or  hearing ;  the  essence 
of  these  latter  consists  in  the  appreciation  of  the  relative 
wave  lengths  of  undulations  conveyed  by  air  or  ether;  while 
smell  appears  to  be  due  to  direct  chemical  action  on  the 
nerve-endings,  requiring  the  presence  of  free  oxygen 
(Graham) . 

In  the  first  part  of  this  paper  I  have  attempted  to  show 
that  the  cranial  nerves  afford  very  definite  evidence  as  to  the 
segmentation  of  the  anterior  part  of  the  vertebrate  head — 
evidence,  indeed,  quite  as  definite  as  that  which  they  have 
long  been  recognised  as  affording  concerning  the  hinder  part 
of  the  head.  The  second  part  of  the  paper  has  shown  that 
the  visceral  clefts  afford  equally  definite  evidence  on  the  same 
point.  In  a  former  paper  ^  I  have  called  attention  to  the 
fact  that  the  early  stages  of  the  brain  also  afford  evidence  on 
this  point. 

It  is  a  matter  of  considerable  interest  that  the  evidence 
yielded  by  these  three  types  of  structures  respectively,  as  to 
the  number  and  situation  of  the  cephalic  segments,  is  identical. 

The  brain  consists  in  an  early  stage  of  a  series  of  vesicular 
dilatations  separated  by  slight  constrictions;  of  these  vesicles 
the  most  anterior  is  the  forebrain,  and  the  next  the  mid- 
brain ;  while  the  succeeding  vesicles,  which  form  a  series 
decreasing  in  size  from  before  backwards,  and  of  which  the 
first  two  at  any  rate  appear  to  possess  considerable  constancy, 
are  spoken  of  collectively  as  forming  the  hindbrain. 

From  each  of  these  brain-vesicles  a  segmental  nerve 
arises :  the  forebrain  gives  origin  to  the  olfactory  nerve ;  the 
midbrain    to   the    third    or    oculomotor   nerve  ;^    from    the 

*  Cf.  DohrD,  op.  cit.,  **  Princip  des  Functionswechsels." 

•  *  Journal  of  Anatomy  and  Physiology.'  vol.  xl,  p.  510. 

'  For  a  full  discussion  of  the  reasons  which  have  led  me  to  consider  the 
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anterior  vesicle  of  the  hind  braia  the  fifth  or  trigemiDal  nerve 
arises,  and  the  second  hind  brain -vesicle  appears  to  give  origia 
fairly  constantly  to  the  seventh  or  facial  nerve;  behind  this 
I  have  not  observed  any  definite  relation  between  the  cranial 
>ier»i-8  aiiil  the  brain-vesicles,  which  latter  become  very 
small  and  of  doubtful  constancy  as  to  number  and  relations. 
This  is,  however,  a  matter  of  little  moment,  as  the  evidence 
afforded  by  the  cranial  nerves  themselves  and  by  the  visceral 
clefts  in  the  post-auditory  part  of  the  head  is  of  au  uu- 
impvacfaable  character. 

As  to  the  clefts,  the  most  anterior  is  the  olfactory  cleft; 
«i(/«  figs.  S,  4,  5,  and  6.  Next  to  that  is  the  cleft  which, 
following  Prof,  Parker,  I  have  spoken  of  as  the  lachrymal, 
».A  the  cleft  in  front  of  the  maxillary  arch;  the  relations  of 
the  third  nerve  to  this  cleft  are  well  shown  in  Kg,  6 ;  it  only 
rcmaius  to  be  added  (hat,  of  the  two  branches  into  which  the 
ihird  nerve  divides  beyond  the  distal  ganglionic  swelling 
•huwn  in  lig.  6,  one  lies  nt  first  behind  this  cleft,  the  other 
in  front  of  it. 

We  next  come  to  the  buccal  or  mouth  cleft,  between  the 
maxillary  and  mandibular  arches  i  the  relations  of  the  fifth 
n«rv«  to  this  cleft  are  well  known.  Behind  this  is  the 
liyotnandibular  or  spiracular  cleft,  supplied  by  the  facial 
nerve ;  and  then  the  branchial  clefts,  supplied  by  the  glosso- 
pbaryngral  and  by  the  several  branches  of  the  vagus. 

Tbe*«  relations  are  exhibited  more  clearly  in  the  following 
table.  In  the  first  column  are  the  numbers  of  the  segments, 
of  which,  if  we  count  seven  branchial  clefts,  the  full  ver- 
tebrat«  numWr,  there  are  eleven  in  all ;  two  of  these  being 
prKoral,  and  eight  postoral.  The  second  column  contains 
tlm  brain  vesicles,  the  third  the  segmental  nerves,  and  the 
fourth  the  corresponding  visceral  clefts. 


«  u  a  •rfpncntal  nerve,  atid  the  fourth  uid  siitb  nerres  tshaTJnf; 
to  Kgmental  ralue,  viiU  'Q<iarl.  Journ.  Micros.  Sci.,*  Jan., 
93 — in,  and  pp.  3:^—33.    Th«  obserrstioni  tliere  reconted  tor 
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Head  Segments  of  Vertebrates. 


Segment. 

Brain-vesicle. 

Nerve. 

Cleft. 

PrsBoral    1 

Forebrain 

I.  Olfactory 

Olfactory. 

2 

Midbrain 

in.  Oculomotor 

Lachrymal. 
Baocal. 

Oral         3 

Hindbrain,  1st  vesicle. 

y.  Trigeminal 
VII.  facial 

Postoral  4 

2iid    „ 

Spiracalar  or  hy- 

• 

omandibiilar. 

»        6 

Hindbrain 

IX.  Gloaao  -  pharyn* 
gcal 

latbranchiaL 

»        6 

99 

X.  Vagua,  Ist  branch 

2iMl        „ 

„        7 

aa 

„       2nd     „ 

3rd 

.,        8 

n      8rd      „ 

4th        „ 

„        9 

n         4th        „ 

5th        „ 

..      10 

n        6th        t, 

6th 

..      11 

„      6th      „ 

7th        „ 

This  table,  which  has  been  modelled  after  the  one  given 
by  Balfour,'  differs  from  this  latter  in  some  important  points. 
The  differences  are  most  marked  in  the  anterior  part  of  the 
head^  where  I  have  added  an  olfactory  segment,  and  have 
attempted  to  define  more  accurately  the  constituents  of  the 
second  segment  by  removing  the  fourth  and  sixth  nerves, 
and  assigning,  for  reasons  discussed  elsewhere,  the  third 
nerve  as  the  true  segmental  nerve.  At  the  hinder  end  of  the 
head  I  have  added  two  segments  for  the  two  hinder  branchial 
clefts  of  Notidanus  and  the  Marsipobranchii,  so  that  the  table 
is  intended  to  include  the  full  number  of  head  segments  of 
which  we  have  any  definite  indication  in  any  vertebrate, 
excepting  Amphioxus  ;  though  it  is  by  no  means  intended  to 
exclude  the  possibility  of  additional  segments  having  existed 
at  the  hinder  end  of  the  head  in  former  vertebrates,  or 
actually  existing  in  some  living  forms. 

It  will  further  be  noticed  that  I  have  placed  the  visceral 
clefts,  and  not  the  visceral  arches,  as  indicating  segments  ; 
this  is  a  point  of  some  importance,  but  one  which  I  do  not 
think  we  are  yet  in  a  position  to  decide  with  certainty.  The 
question  is,  whether  the  visceral  clefts  are  to  be  viewed  as 
inters egme7ital,  i,  e.  as  corresponding  in  position  to  the  lines 
of  separation  of  the  original  segments  by  the  fusion  of  which 
we  suppose  the  vertebrate  head  to  have  been  formed;  or 
whether  they  should  be  considered  as  inirasegmental,  as 
apertures  formed  in  the  substance  of  the  segments  ;  in  other 

^  Op.  cit.,  p.  216. 
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wor  J),  whether  the  visceral  clef^»  are  formed  between  succes- 
sive wgoienls,  OT  through  the  middle  of  the  segments. 

Though  the  former  of  these  views  is  usually  assumed  to  be 
the  Hue  uue,  yet  there  are,  I  think,  considerations  of  some 
weight  in  favour  of  the  opposite  view.  In  the  first  place,  we 
must  bear  iu  mind  that  the  original  pro  to -vertebral  segmen- 
tation does  not  extend  to  the  head,  and  that  the  secondary, 
vificcTiil  cleft  bogmeutation  appears  late,  and  differs  totHtly 
from  the  segmentation  of  the  body,  inasmuch  as,  instead  of 
sUirling  on  the  dorsal  side  in  the  mesoblaatic  tissue  on  either 
side  ot  th£  neural  axis,  it  arises  in,  and  is  limited  to,  the 
latcul  and  ventral  walls  of  the  alimentary  canal.  Instead  of 
arising  primarily  in  the  mesoblast,  it  is  a  segmentation  in 
which  the  oiesublast  takes  no  share  whatever,  except  a 
purely  pas&ive  one;  it  is  a  segmentation  produced  by  the 
growth  of  diverticula  from  the  alimentary  canal,  which  come 
u*  contact  with,  and  fuse  with  the  external  epiblast,  and, 
&uallj,  by  perforation  of  this  latter  open  on  to  the  exterior. 
Now,  It  IS  more  in  accordance  with  what  we  know  of  the 
occurrence  of  lateral  diverticula  of  the  alimentary  canal  in 
Inveitebrata,  that  these  sbould  be  scgmentfll  rather  than 
iutersegmeutal. 

Again,  while  each  cranial  aegmeotal  nerve  supplies  two 
visceikl  arches,  it  only  supplies  one  cleft;  and,  from  the 
aaalugy  t>f  Invertebrala,  we  should  expect  that  the  distribu- 
tion ot  each  uerve  would  be  to  its  own  segment;  while  it 
certainly  would  be  a  tery  remarkable  fact  that  each  seg- 
tnouial  nerve  should  supply  adjacent  halves  of  two  seg- 
ineiitd. 

The  distribution  of  the  branchial  arteries  may  also  bo 
cited  u  itdditioiial  evidence  in  the  same  direction ;  the 
eoiTMpondiiig  vessels  iu  Invertebrata  do  not  occupy  the  middle 
of  Bttch  tegnient,  but  follow  the  intersegmental  septa,  wbicb 
•epta,  according  to  the  view  here  advocated,  would  occupy 
the  centres  of  the  vertebrate  visceral  arches,  and  so  corre- 
spond iu  position  with  the  branchial  arteries.  On  the  same 
view  the  skeletal  elements  of  the  visceral  arches  would  also 
coffrwpond  in  pusitiuu  to  the  intersegmental  septa,  from  which, 
indeetl,  they  may  conceivably  have  been  derived. 

Thia  view  acquires  some  additional  interest  in  connection 
with  I)r.  Dohra's  auggestiun  that  the  viscenil  clefu  are 
bomologucs  of  tegmental  organs.' 

The  theory  above  propounded  as  to  the  morphology  of  the 
vertebrate  bead,  will,  1  venture  to  think,  thtow  some  light 
aa  the  natan  of  the  skeletal  elements  of  the  bead-  1  will 
'  Op.  cit„  pp.  10, 11. 
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Ime  odIj  nociee  hrieflT  one  or  two  points  of  importance. 
On  the  Tiew  here  pat  forward  the  trabeeuUe  craniif  which 
lie  mt  the  hase  of  the  hrain,  ran  parallel  to  the  longitu- 
dinal axis  of  the  head,  and  at  right  angles  to  the  segmental 
stmctoxes,  snch  as  the  third  and  olfactory  nerves  and 
the  corresponding  clefts,  most  be  regarded  as  axial  strac- 
tureSy  and  not  as  arches,  whether  nearal  or  hsemal.^ 

Again,  mj  investigations  appear  to  leave  no  room  for 
doubt  that  the  maxillary  arch,  the  rudiment  of  the  upper 
jaw,  is  as  fully  entitled  to  rank  as  a  distinct  visceral  arch  as 
the  mandibular,  hyoid,  or  branchial  arches.  Figs.  8 — 6 
appear  to  me  to  afford  conclusive  evidence  on  this  point. 

The  morphological  nature  of  the  labial  cartilages  has  been 
matter  of  much  dispute ;  if  the  determination  of  the  olfac- 
tory organ  as  a  gill  cleft  be  accepted,  those  at  least  of  the 
lalnal  cartilages  which  are  grouped  round  the  external  aper- 
ture of  the  olfactory  organ,  and  very  possibly  those  also  in 
connection  with  the  gape  of  the  mouth,  would  appear  to  be 
homologues  of  the  extra-branchial  cartilages,  a  sug^stion  in 
which  I  find  I  have  been  anticipated  by  Professor  Parker.' 

I  cannot  refrain  here  from  referring  to  the  remarkable 
manner  in  which  the  views  here  put  forward  agree  with  the 
results  arrived  at  by  Professor  Parker,  and  embodied  in  bis 
latest  paper.'  He  there  expresses  himself '^  satisfied  that, 
in  spite  of  the  doubling  up  of  the  basis  cranii,  at  the  time 
of  its  greatest  flexure,  there  are  rudiments  of  three  praeoral 
arches,  related  to  tico  prceoral  clefts,  the  lachrymal  and  the 
nasaL^'  **  Thus  we  get  four  pre-auditory,  and  eight  post- 
auditory  clefts,  with  their  nerves  ;  if  we  add  the  twelfth 
(hypoglossal),  of  the  ^  Amniota,'  we  have  obtained  signs  and 
proofs  of  thirteen  cranial  (segmental)  nerves,  all  of  these,  ex- 
cept the  last,  forking  over  visceral  clefts,  and  hedged  in  all 
hut  the  last  hy  visceral  bars.  The  first  of  the  bars  is  in 
front  of  the  first  or  nasal  cleft,  the  last,  or  thirteenth,  is 
the  hinder  bar  of  the  lamprey's  branchial  basket  work." 
The  italics  in  the  above  quotation  are  mine.  Though  I  see 
no  reason  for  regarding  -the  hypoglossal  as  a  segmental 
cranial  nerve,  this  extract  from  Professor  Parker's  work 
shows  that  the  study  of  the  skeletal  elements  of  the  head 

»  Cf.  Parker,  *'  On  the  Development  of  the  Skull  and  its  Nerves  in  the 
Green  Turtle,"  *  Proc.  Royal  Soc./  1879. 

'  'Trans.  Zool.  Soc./  1876,  *'0n  the  Structure  and  Development  of  the 
Skull  in  Sharks  and  Skates,"  pp.  212  and  224. 

'  "  On  the  Development  of  the  Skull  and  lis  Nerves  in  the  Green  Turtle." 
•Proc.  Rojal  Soc.'  1879.  This  was  read  before  the  Royal  Society  on  the 
same  evening  as  the  abstract  of  the  present  paper. 
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leads  Id  results  almost  identical  with  those  at  which  I 
arrived,  and  affords  perhaps  the  strongest  possible  coniirnia- 
tion  of  these  results. 

Though  in  the  above  enumeration  of  the  segmental  cranial 
nerres  I  have  left  out  the  optic  nerve,  for  reasons  stated 
elsewhere,'  it  is  quite  possible  that  this  nerve  may  ultimately 
prove  to  be  of  segmental  value ;  in  nhich  case  it  would  indi- 
cate the  existence  of  a  cleft  between  the  olfactory  and 
lachrymal  cleft.  However,  I  have  as  yet  completely  failed 
to  find  any  evidence  of  its  segmental  nature,  and  must,  for 
the  present,  regard  it  as  of  a  totally  different  nature  to  any 
of  the  other  nerves.  The  case  of  the  auditory  nerve  is  very 
different,  for  there  can  be  little  doubt  that  this  is  to  be 
viewed  as  merely  a  specialised  branch  of  the  facial.^ 

If  the  olfactory  organs  are  really  a  pair  of  gill  slits,  then 
ihey  must  have  originolly  communicated  with  the  mouth 
cavity  :  and  it  becoines  a  matter  of  considerable  interest  to 
deteimine  whether  any  traces  of  such  a  communication 
«iill  exist.  It  is  quite  possible  that  the  grooves  which  con- 
nect the  nasal  sacs  with  the  angles  of  the  mouth  in  the 
akate  and  other  EInsniobranchs,  and  which  form  the  rudi- 
ments of  the  posterior  narial  passages  of  higher  vertebrates, 
are  temnants  of  this  communication.  It  is  ilitBcuU  to  under- 
•land  what  function  these  grooves  subserve  in  Elasmobranchs, 
and  their  apparently  irregular  presence  or  absence  in  closely 
ttUied  genera  would  well  accord  with  their  being  disappear- 
ing rudiments.  In  connection  with  this  point  some  obser- 
THtions  I  have  recently  made  on  trout  ami  salmon  embryos, 
though  incomplete,  appear  to  possess  some  interest. 

Fig.  31  is  a  transverse  section  through  the  anterior  part 
of  the  head  of  a  salmon  embryo  just  about  the  time  of 
hatching ;  the  section  passes  through  the  anterior  borders 
of  the  olfactory  pits  {oi/.),  through  the  cartilaginous  plate 
fnnneil  by  the  fusion  of  the  two  trnbecule  (Ir.),  and,  on  the 
ventral  side,  through  a  large  flattened  cavity  (at.) ;  this  cavity 
n  found,  by  a  stuily  of  the  sections  in  front  of  and  behind 
"m  one  figured,  to  be  an  anterior  prolongation  of  the  buccal 

ivity,  extending  forwards  in  front  of  the  mouth,  underlying 
alfacliiry  sacs,  and  reaching  almost  to  the  extreme  ante- 
rior end  of  the  head. 

Fig.  as,  which   has  been   already  described,  is   a  section 

taken    through   the   head  of  ait  embryo  of   about  the  same 

age  as  that  in  tig.  31,  but  a  little  further  back ;  it  shows  this 

aame  cavity,  which,  however,  is  now  not  completely  closed 

'  'QoaTt  Jonrn.  Mictm.  Soi..'  Januirj.  1878.  pp.  23—27. 

'  ~  ■"  «r,  op.  cit,,  p.  813.  uid  aelf.  loo.  eat.,  pp.  'H — 30, 
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in  the  median  yentral  line^  the  section  passing  throngh^the 
anterior  part  of  the  oral  aperture. 

In  figs.  34  and  35  the  same  structure  is  shown  in  longi- 
tudinal and  vertical  section;  fig.  S5,  which  is  the  more 
superficial  of  the  two^  shows  the  pharynx  (a/".),  with  the 
branchial  arches  and  the  anterior  continuation  of  the  buccal 
cavity  (a/'.)  Fig.  34t,  which  passes  through  the  root  of  origin 
of  the  olfactory  nerve^  and  therefore,  as  is  evident  from  fig. 
83,  very  close  to  the  median  line,  passes  also  through  the 
mouth;  it  shows  very  clearly  the  manner  in  which  this 
anterior  prolongation  {al')  extends  forwards  in  front  of  the 
anterior  margin  of  the  mouth. 

I  have  unfortunately  not  yet  succeeded  in  tracing  the 
development  of  this  prolongation,  and  do  not  even  know  for 
certain  whether  it  appears  before  or  after  the  formation  of 
the  mouth,  or  whether  it  is  lined  by  hypqblast  or  epiblast. 

At  a  stage  a  little  later  than  that  just  described,  when  the 
growth  of  the  anterior  part  of  the  bead  has  carried  the 
nose  considerably  further  forwards,  this  prolongation  exists 
in  the  form  of  a  pair  of  ccecal  diverticula,  stretching  for- 
wards  from  the  anterior  part  of  the  buccal  cavity  towards 
the  olfactory  pits.  These  are  well  shown  in  fig.  32^  a  trans- 
verse section  through  the  anterior  part  of  the  head  of  a 
salmon  embryo  about  a  week  after  hatching.  The  section 
passes  through  the  extreme  anterior  end  of  the  forebrain 
(/.  b.)  in  front  of  the  origin  of  the  olfactory  nerves,  through 
the  two  eyes  (o.  c),  the  superior  recti  muscles  (r.  5.), the  trabe- 
cular plate  (tr.),  the  hinder  end  of  the  two  olfactory  pits  {olf.), 
and  the  diverticula  of  the  buccal  cavity  (al\)  close  to  their 
anterior  terminations.  At  a  stage  a  little  later  still,  these 
diverticula  appear  to  shrink  and  disappear;  at  least  I 
have  failed  to  recognize  them  in  sections. 

Whatever  these  diverticula  may  prove  to  be,  their  exist- 
ence is  certainly  of  some  interest  in  connection  with  the 
visceral-cleft  theory  of  the  olfactory  organ  ;  they  show,  at 
any  rate,  that  there  do  exist  diverticula  of  the  alimentary 
canal  towards  the  olfactory  organs ;  they  may  possibly  be 
taken  as  indications  of  a  former  extension  forwards  of  the 
alimentary  canal  to  the  anterior  end  of  the  head  ;  while  their 
paired  condition,  shown  in  fig.  32,  may  perhaps  be  an  indica- 
tion of  relationship  to  the  paired  lateral  diverticula  of  the 
alimentary  canal,  which  form  the  rudiments  of  the  hinder 
visceral  clefts. 

Again,  if  the  olfactory  organs  are  gill  clefts  and  the  Schnei- 
derian  folds  gills,  not  only  must  these  clefts  have  originally 
communicated    with  the    buccal  cavity,  but  the  vertebrate 
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mouth  must  originally  have  been  in  front  of  them.  Accord- 
ing to  Dr.  Dohrn  the  present  vertebrate  mouth  is  formed 
by  the  median  coalescence  of  a  pair  of  gill  slils ;  my  own 
itivesttgations  lead  me  to  the  conclusion  that,  though  these 
ffill  Klits  do  coDtrihute  to  the  formation  of  the  mouth,  there 
18  in  addition  a  median  involution  of  the  cpiblast  of  the 
undvr  surface  of  the  head,  as  described  by  Balfour'  and 
others,  so  that  the  mouth  consists  of  three  eletnerils,  a 
tneduia  epiblaitic  involution  and  a  pair  of  gill  slits.  I  am 
inclined  also  to  believe  that  the  fact  of  the  olfactory  organs 
appeftriog  in  front  of  the  mouth  is  due  lo  two  causes  ;  firstly, 
tbe  hypertrophy  of  the  forepart  of  the  head  carrying  the 
olfactory  sacs  forwards  ;  and,  secondly,  an  actual  shifting 
backwards  of  the  median  element  of  the  mouth,  of  which  I 
tbtnk  there  is  a  certaiu  amount  of  independent  evidence. 
The  anterior  end  of  the  notochord  is,  as  is  well  known,  bent 
completely  round  on  iiseU,  through  an  angle  of  fully  180^, 
•'. «.  as  Balfour  has  already  noticed,  to  a  much  greiiter  extent 
than  cranial  ftesure  alone  will  account  for.  Now,  assuming 
that  the  notochord  is  a  hypohlastic  structure,  and  that  its 
Ulterior  end  remains  for  a  time  in  connection  with  the  hypo- 
blast, a  ahrinkiug  back  of  the  hypoblast  of  the  anterior  end 
of  the  foregut  would  at  once  account  for  this  condition  of 
tbe  notochord,  and  would  at  the  aame  time  cause  a  diaplace- 
oteot  faockwarda  of  the  mouth.  It  would  appear  therefore 
quite  possible  that  the  median  element  of  ihe  present  verte- 
brate mouth  is  the  original  vertebrate  mouth  which  has  under- 
goof  a  slight  displacement  backwards,  and  so  has  become 
Mvered  from  tbe  olfactory  organs. 

Petbapa  the  most  serious  objection  to  the  visceral-cleft 
theory  of  the  olfactory  organ  that  is  likely  to  occur  at  first 
sight,  is  the  fact  that  these  organs  are  involutions  of  the 
rxlemal  epihlast,  while  the  visceral  clefts  are  formed  by 
diverticula  of  the  hypoblnst  of  the  foregut.  While  fully 
admiuiiig  the  force  of  this  objection,  I  venture  to  think  that 
the  arguments  I  have  brought  forward — the  evidence  in 
favour  of  the  segmental  value  of  the  olfactory  nerve,  the 
cloae  relation,  both  aiiatomiral  atid  histological,  between  the 
oUactory  organ  and  the  visceral  clefts,  the  fart  that  the.'«e 
relation*  are  much  more  marked  in  the  more  primitive  than  in 
the  more  specialised  veriobratcs,  the  various  identities  in  time 
of  appearance  and  in  histologicnl  structure,  and  the  con- 
earreot  testimony  of  ihe  various  incidental  circumalanct^  lo 

*  fa  I  have  alluded — are  sufficient  to  outweigh  this  objec- 
Uoreover,  we  must  bear  in  mind  that  slight  ingrowths 
'  Op.  oil.,  p.  ISO. 
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of  the  external  epiblast  towards  the  bypoblastic  ontgrowtb^ 
of  the  pharynx  may  occur^  and  that  it  is  still  a  matter  of 
uncertainty  whether  some  of  the  gills  are  not  epiblastie 
rather  than  bypoblastic;^  while,  if  the  diverticula  of  the 
alimentary  canal  described  above  in  the  trout  and  aalmon 
should  prove  to  be  bypoblastic,  the  principal  differences 
between  the  olfactory  organs  and  the  gill  clefts  would  be  the 
gradual  shrinking  of  the  most  anterior  pair  of  diverticula  of 
the  buccal  cavity,  the  ultimate  failure  on  their  part  to  reach 
the  surface,  and  a  corresponding  exaggeration  of  the  epi- 
blastie surface  involutions,  which  changes  can  readily  be  con- 
ceived as  following  on,  and  caused  by,  a  slight  displacement 
backwards  of  the  mouth.  Since  the  functional  activity  of 
the  gills  as  such  depends  on  the  constant  passage  of  a  stream 
of  water  through  the  mouth  into  the  buccal  cavity  and  then 
out  through  the  gill  slits,  it  follows  that  if  the  mouth  were 
changed  in  position  so  as  to  be  situated  liebind  instead  of 
in  front  of,  the  first  pair  of  gills,  the  function  of  these  gills 
would  be  materially  interfered  with,  while  their  position  at 
the  anterior  extremity  of  the  head  and  their  consequent 
potential  utility,  would  favour  their  preservation  in  a  modified 
form,  and  with  modified  function. 


On  the  Brain  of  the  Cockroach,  Blatta  orientalis.  By 
E.  T.  Newton,  F.G.S.,  H.  M.  Geological  Survey.  With 
Plates  XV  and  XVI. 

The  common  cockroach,  Blatta  orientalis,  has  been  found 
a  very  convenient  insect  to  take  as  a  type  of  its  order,  both 
on  account  of  its  generalised  structure,  and  the  readiness  with 
which  it  may  be  obtained,  in  any  numbers,  at  all  seasons  of 
the  year ;  consequently  it  has  been  dissected  largely  in  our 
biological  schools. 

It  seemed  desirable,  therefore,  when  the  structure  of  the 
brain  of  certain  insects  was  being  investigated  by  several 
continental  naturalists,  that  we  should  make  ourselves  some- 
what better  acquainted  with  the  brain  of  our  typical  insect 
the  cockroach,  for  this  had  not  been  worked  out  as  care- 
fully as  it  merited.  And  further,  inasmuch  as  in  certain 
particulars  this  insect  is  less  specialised  than  some  of 
those,  the  brains  of  which  have  been  examined,  it  seemed 

'  Balfour,  op.  cit.,  pp.  210,  211. 
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probable  that  we  should  here  fiiitl  the  brain  iii  n  lens  specinl- 
ised  condilton.  The  facts  which  have  now  been  nimle  mil 
show  ihai,  ill  ihe  slruclure  of  its  brain,  the  cockroach  hulUs 
a  medinn  poBitioii;  possessing  as  it  docs  nil  ihe  scruc- 
mrca  (rxce])titig  the  ocelli  nerves,  unless,  indeed,  the  white 
spnts  ne^r  the  bases  of  the  anipniiie  sLoiilJ  [irove  to  be 
Tudimcntaiy  oceili)  which  have  been  described  in  other 
insects  -,   but   al  ihe  same  time    certain  of  these  parts  are 

quite  so  complicated  and   are,    therefore,   more  easily 

irstOOtl. 

not  until  I  had  nearly  finished  my  own  investiga- 

:,  and  was  about  to  pubhsh  the  results,  that  1  saw  the 
memoir  by  Dr.  Fliigel  ('  Zeitsch.  wissen.  Zool.,'  1878,  vol. 
XIX,  supple,  p.  556),  in  which  the  internal  structure  of  the 
brsiii  of  Biatitt  is  very  fully  described.  On  the  whole  the 
results  which  I  had  obtained  agreed  with  those  of  Dr.  Ftogel ; 
but  as  my  paper  did  not  cover  the  same  ground,  and,  more- 
over, as  little  or  nothing  had  appeared  in  British  journals 
on  th«  minuti'  structure  of  insects'  brains,  it  still  seemed 
desirable  to  iiublish  the  results  of  my  own  work.  And,  fur- 
ther, as  the  jilatla's  brain  seems  likely  to  be  taken  as  the 
tjrpc  for  compttrison  in  future  investigations,  it  is  the  more 
necessary  to  have  it  fuUy  illustrated,  and  the  photograph  of 
one  section  only,  which  is  all  that  is  given  by  Flbgel  of  tite 
Blatta  brain,  seemed  to  me  quite  inadequate  for  its  proper 

iprehensiou.     Even  with  a  series  of  sections  nitd  drawings 

re  me,  it  wa»  by  no  means  easy  to  get  n  clear  conception 
the  fucma  of  .-•ome  of  the  internal  parts,  and  1  therefore 
__  ittructed  a  model  from  a  series  of  sections  (vide  'Quekett 
Joamal,'  1879,  vol.  t,  p.  150),  which  gave  me  a  far  better 
knowlrdgc  of  these  parts  than  I  bad  found  it  possible  to  get 
ID  any  other  way. 

The  coniplicated  internal  structure  of  the  brain  of  insects. 
appears  to  hnvc  Ijcen  first  pointed  out  by  M.  Dujardin,  and 
attmitioD  is  morr  especially  directed  to  this,  because  the  cor- 
and  clearness  of  his  descriptions  do  not  appear  to 

to  have  beeu  sufliciently  appreciated. 
M.  Dujardin,  in  1850  {'  Ann.  d.  Sci.  Nat,,'  t.  xiv,  p.  195), 

itml  out  that  in  some  insects   there  were  to  be  seen  upon 
ipucr  part   of  the   brain   certain   convoluted   portions 
hich  ne  compared  to  the  convolutions  of  the  mammalian 
brain,    and,   inasmuch    as    they    seemed    to  be  more    di 
loped  in  those  insects  which  are  remarkable  for  their  intelli- 
■■^"^ — ,  such  as  ants,  bees,  wasps,  &c.,  he  seemed   to  think 
i|eIUgeiu:e  uf  insects  stood  in  direct  relationship  to  the 
tptneot  of  these  bodies. 
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The  form  of  these  structures  is  described  by  the  same 
author  as  beings  when  fully  developed^  as  in  the  bee,  like  a 
pair  of  discs  upon  each  side,  each  disc  being  folded  together 
and  bent  downwards  before  and  behind,  its  border  beine 
thickened  and  the  inner  portion  radiated.  By  very  careful 
dissection  he  found  these  bodies  to  be  connected  on  each 
side  with  a  short  pedicle,  which  bifurcates  below  to  end  in 
two  tubercles.  One  of  these  tubercles  is  directed  towards  the 
middle  line  and  approaches,  but  does  not  touch,  the  corre- 
sponding process  of  the  opposite  side.  The  second  tubercle  is 
directed  forwards  and  is  in  close  relation  to  the  front  wall 
of  the  head,  being  only  covered  by  the  pia  mater.  These 
convoluted  bodies  and  the  stalks  upon  which  they  are  mounted 
are  compared  by  Dujardin  to  certain  kinds  of  mushrooms, 
and  this  idea  has  been  retained  by  more  recent  writers  on 
the  subject. 

The  physiological  experiments  of  Faivre  in  1B57  ('  Ann. 
d.  Sci.  Nat.,'  t.  viii,  p.  245)  upon  the  brain  of  Dytiacus  in 
relation  to  locomotion,  are  of  very  considerable  interest, 
showing,  as  they  appear  to  do,  that  the  power  of  co-ordinating 
the  movements  of  the  body  is  lodged  in  the  infra-oesophageal 
ganglia.  And  such  being  the  case,  both  the  upper  and 
lower  pairs  of  ganglia  ought  to  be  regarded  as  forming  parts 
of  the  insect's  brain. 

Dr.  Franz  Leydig,  in  1864  (^  Vom  Ban  des  thierlschen 
Korpers,'  &c.),  entered  fully  into  the  structure  of  the  nervous 
system  of  insects,  and  described  the  histology  of  the  various 
parts  of  the  brain.  The  method  of  preparation  which  he 
adopted  was  to  preserve  the  insect  in  absolute  alcohol, 
then  to  remove  the  brain,  and  render  it  transparent  with 
dilute  potash  solution,  or  glycerine.  As  regards  the  general 
structure  of  the  so-called  mushroom  body  and  its  stem, 
Leydig  makes  little  advance  upon  what  was  done  by 
Dujardin,  but,  in  consequence  of  his  method  of  preparation, 
as  it  seems,  was  misled  into  describing  as  a  giant  nucleus 
upon  each  side  of  the  middle  of  the  brain,  the  peculiar  mass 
of  nervous  matter,  which  Dujardin  had  correctly  described 
as  a  process  extending  forwards  to  the  front  surface  of 
the  brain. 

In  1875  Dr.  Rabl  Ruckhard  C  Archiv.  f.  Anat.  u.  Phys.,' 
p.  480),  described  the  structure  of  the  brain  of  the  black 
ant  {Camponotus  ligniperdus),  adopting  chiefly  the  method 
of  preparation  made  use  of  by  Leydig.  He  was  enabled  to 
make  out  the  head  of  the  mushroom  body  with  its  stalk; 
he  also  saw  the  appearance  described  by  Leydig  as  a  giant 
•nucleus,  but  believed  it  to  be  the  optical  section  of  cylindri- 
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Ji  commiMUTes  passing  from  the  front  to  the  back  of  the 
brain.  He  mentioiia  also  thatj  in  the  bee,  he  has  been 
able  to'dissect  out  the  process  which  passes  to  the  front  of 
the  brain,  as  described  by  Diijarjin.  It  is  llus  which,  wheu 
seen  from  before,  gives  the  appearance  of  a  central  nucleus 
in  each  hctnisphere.  The  head  of  the  mushroom  body 
he  described  as  forming  a  complete  ring,  which  he  was 
able  to  separate  from  the  surrounding  parts.  From  what 
vtc  now  know  of  the  structure  of  these  mushroom  bodies,  it  is 
clear  thiit  these  parts  must  have  been  separated  from 
their  atiQcbmeiits  before  they  could  give  the  appearance  of 
closed  rings.  We  shall,  I  think,  see  presently  that  Dujar- 
ilin  was  much  more  correct  in  speaking  of  them  as  folded 
discs. 

Dr.  Uiell,  in  1876  ('  Zeitsch.  wissen.  Zool,,'  Band  xxvii, 
48Sj,  published  an  elaborate  description  of  the  brains  of 
bee,  mole-cricket,  grasshopper,  &c.  The  method  ein- 
L'd  by  thifl  author  was,  to  cut  up  in  deliuite  directions 
iiDS  which  had  been  hardened  in  osmic  acid.  In  the 
main  (he  results  of  his  observations  accord  with  those  of 
Dujardiu  and  Rabl  Riickhard.  lie  agrees  with  them  as  to 
the  existence  in  the  bee  of  two  mushroom  bodies  in  each 
hitnispherc,  mounted  upon  downwardly-directed  stalks,  and 
«Uu  as  lu  the  cylinder  of  nervous  matter  passing  forwards 
to  end  abruptly  upon  the  fiuut  of  the  brain.  He  further 
agrees  with  Kabl  Riichkard  that  the  giant  nucleus  of  Lcydig 
ia  tho  optical  section  of  this  nervous  cylinder.  In  the 
mole-cricket  Dtetl  describes  only  one  mushroom  body  ou 
each  side,  and  the  stem  passing  downwards  from  this  is  said 
to  divide  into  two  parts,  one  of  these  ending  in  ihe 
middle  line,  whilst  the  other  forms  the  cylinder  ending 
Upon  the  front  of  the  braiu.  The  various  histological  ele- 
nents  are  described  in  detail,  as  they  are  found  in  the 
TBiious  parts  of  the  brain.  Di.  Dietl  iinds  the  nervous 
muter  in  invertebrato  brains  under  the  three  following 
conditions: — I.  Oanglionic  cells,  as  they  are  called,  and 
>nied  structure*,  free  protoplasmic  nuclei.  S  Nerve-libres 
of  the  most  different  sizes.     3.  "  Marksubstanz  "  a  peculiar 


inmaffement  of  nervous  matter,  which  appears  somctiuiei 
fine  fibrilliC,  with  an  axial  urrangemenl,  sometimes  as  a  very 
fine  network  of  different  thicknesses,  and  sometimes  as  thin 
lamcllic,  or  altogether  homogeneous.  Under  all  these  forms 
this  ihiid  group  of  textures  is  characterised  by  turning 
very  dark  under  the  influeuce  of  osmic  acid,  whilst  the 
other  elements  are  only  turned  brown. 
Anotbar  raluable  addition  to  oui  knowledge  of  inaeet 
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braius  was  made  by  the  publication  of  tbc  memoir  ^^^H 
Berger  in  1878  (' Arbeiten  des  Zoolog.,  Institute  zu  Wi^^| 
Bd.  i.  Heft  ti,  p.  173).  This  memoir  is  largely  occupH^I 
with  the  description  of  the  retina  and  the  structures  to  be 
found  in  the  optic  lobes  of  Arthropods,  It  is  extremely 
interesting  to  find  that  the  peculiar  ovul  bodies  which  Leydig 
figured  as  occurring  in  the  optic  lobe  of  Dytitrut  ['TaU^- 
z.  Vergleich/  1864),  and  were  afterwards  described  |' 
figured  by  me  as  "  lenticular  bodiei  "  in  the  eye  of  the  lotM 
('Quart.  Jour.  Micro.  Sci.,'  1873,  vol.  xiii, p.  336),  are  ta% 
found  in  a  more  or  less  modified  form  in  all  the  insects  an 
Crustacea  described  by  E.  Derger.  The  remarkable  crostiug 
of  the  nerve-fibres  between  the  retina  and  the  lenlicuUr 
bodies  is  seen  not  to  be  peculiar  to  the  lobster.  The  kidi 
shaped  body,  which  is  such  a  distinct  part  in  the  lobi 
optic  ganglion,  appenrs  to  be  represented  in  the  Sqaill 
the  body  marked  g  in  Berger's  figure  3l2.  The  brains  ( 
number  of  insects  are  described,  including  examples  (rota 
tljB  Heuroptera,  Coleoptera,  Diplera,  Lepidopttra,  Hymei*' 
oplera,  and  Orihoptera,  and  in  each  of  these  the  author 
seems  to  have  found  the  homologues  of  the  mushroom  bodies, 
although  in  some — theDiptera,  for  example — they  are  very 
rudimentary.  Not  a  little  important  are  the  facts  recorded 
relative  to  the  transverse  commissuros  of  the  brain.  It  seems 
to  me  somewhat  doubtful  whether  the  paired  structures 
which  have  been  shown  by  several  authors  to  be  present  in 
the  brains  of  Crustacea,  arc  really  the  homologues  of  the 
mushroom  bodies  of  the  insect's  brain.  Dictl  has  shown 
('  Sil7.  Kaiser.  Akad.  d.  Wisaen.,'  1878,  Band  77,  p.  684) 
that  iu  the  crayfish  these  bodies  are  connected  with  the 
optic  uerve,  and  he  calls  them  optic  lobes.  Among  the 
lusecta  this  connection,  if  it  exists,  has  yet  to  be  demon* 
Btrated. 

Dr.  Flogel,  in  bis  puper  already  referred  to  (loc.  cit.),  takes 
the  Blntta  brain  as  it  typicnl  form,  and  describes  its  internal 
strncturc.  Great  sirees  is  Inid  upon  the  persistent  presence 
in  all  orders  of  insects  of  that  peculiar  median  lamimilcd 
structure,  described  by  Dietl,  which  is  now  railed  by  Fliif-* 
the  central  body  "  Ccntralkiirper."  In  Illutla  there  is  a 
of  mu&hroom  bodies  in  each  hemisphere.  The  cylini 
fibres  passing  to  the  front  of  the  hnitii  is  very  Urge,  i 
termed  the  anterior  horn  "  Vorderhorii."  'X  he  doscripl 
of  the  minute  elements  agrees  with  Diell's  obscrralions 
mentioned  above.  In  the  latter  part  of  this  paper  the  brains 
of  various  insects  are  described,  which  have   h«-en    takwi 
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fe  relations  of  these  orders,  based  chiefly  upon  the  degree  of 
^opment  of  the  mushroom  bodies. 

Blaita  ( Periplanela)  orientalts. 

General  form  of  the  brain. — Wlieii  the  chitinous  covering 
of  the  upper  and  front  part  of  &  cockroach's  head  is  removed, 
together  with  the  tissues  which  He  just  within  it,  the  brain, 
or  supra-cesophagcal  ganglion,  is  displayed  as  a  pearly  white 
body,  occupying  but  a  small  portion  of  the  cavity  of  the 
head  (fig.  1).  In  this  view  the  brain  is  seen  to 
consist  of  two  rounded  masses  above,  eepnrated  from  each 
other  by  a  deep  median  fissure.  From  the  outer  sides  of 
these  hemispheres,  iis  they  might  be  termed,  the  large  nerves 
ore  ciren  off  to  the  eyes  (op.).  Below  are  two  smaller 
rounded  masses,  marked  off  from  the  upper  ones  by  a  depres- 
sion, these  are  the  antennary  lobes  (anl.),  from  the  outer  side 
of  each  of  these  a  nerve  passes  off  to  one  of  the  antcnnse.  A 
aide  view  of  the  head  dissected  so  as  to  expose  the  brain 
(fig.  Sj  shows  the  latter  to  be  placed  very  neat  the  front 
wall,  while  the  space  behind  it  is  occupied  to  a  large  extent 
by  the  muscles  of  the  jaws. 

At  first  sight  the  only  nerves  given  off  from  this  upper 
division  of  the  brain  seem  to  be  the  optic  and  antennary 
nerves,  but  I  have  now  been  able  to  trace  four  other  pairs; 
tbe»e,  however,  are  very  small. 

(1.)  On  more  than  one  occasion,  when  opening  the  head 
of  a  cockroach,  I  have  observed  a  very  delicate  white  fibre 
pauiog  from  the  front  surface  of  the  biain  towards  the 
mutt  wall  of  the  head ;  but  thinking  it  was  merely  a  tra- 
chr»l  vessel,  1  had  not  troubled  to  trace  its  distribution. 
AAcr  teeing  Dr.  Flogel's  statement  that  a  nerve  passes  out 
from  the  front  of  the  brain  on  each  side,  in  the  region  where 
I  bad  noticed  this  white  fibre,  I  searched  again,  and  now 
bad  the  satisfaction  not  only  of  finding  the  nerves  in  the 
position  indicated  (fig.  1  nics),  but  also  of  tracing  them  most 
clearly  to  those  peculiar  oval,  silvery  patches,  which  are 
sittwted  on  the  front  of  the  head,  just  above  and  within  the 
antrnnic  (tc).  It  appeared  to  nw  that  one  of  these  nerves, 
bofon  reaching  the  silvery  patch,  gave  off  a  branch  which 
passed  roaod  to  the  side  of  the  brain,  just  above  the  optic 
nerve  ;  but  I  could  not  trace  it  upon  the  opposite  side,  and 
"  'idled  altogether  to  see  it  in  another  specimen. 

IB.)  Another  nerve  is  to  be  found  passing  off  from  just 

nemeath  the  antennary  lobe  on  each  side  (figs.  1  and  3 
h),  and  these  I  have  been  Mc  to  trace  to  the  muscles  of 
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the  antennse^  which  lie  within  the  head  just  below  the  base 
of  the  antennae. 

(3.)  Upon  each  side  of  the  brain,  a  little  behind  the  an- 
tennary  nerve,  a  third  very  small  nerve  may  be  found  (fig. 

2  n),  the  distribution  of  which  I  have  not  yet  traced. 

(4.)  The  stomato-gastric  ganglia  join  the  brain  at  its 
back  part  (fig.  4  a.  stg,). 

From  the  lower  and  back  part  of  the  bndn  on  each  side, 
the  large  pair  of  commissures  (fig.  2  o.  com.)  pass  downwards 
and  backwards  to  the  infra-oesophageal  ganglia  {inf.  g.). 
From  the  front  of  each  commissure  a  broad  band  of  fibres 
arises,  which  passes  forwards  for  a  short  distance  upon  the 
sides  of  the  oesophagus,  and  then  divides  into  two  branches ; 
one  of  these  curves  forwards  and  upwards  to  meet  with  its 
fellow  of  the  opposite  side  in  the  frontal  ganglion  (fig.  2 
fff').  The  second  branch  appears  hitherto  to  have  escaped 
notice,  it  passes  forwards  and  downwards  (fig.  2  In.),  and 
the  two  may  be  traced  into  the  labrum,  as  far  as  the  round 
white  spots,  which  are  situnted,  one  on  each  side,  upon  the 
inner  surface  of  that  appendage. 

The  infra-cesophageal  ganglia  are  situated  quite  close  to 
the  back  part  of  the  head,  being  only  separated  from  the 
submentum  by  a  thin  band  of  muscles.  The  nerves  arising 
from  these  ganglia  are  shown  in  figures  2  and  3.  The 
majority  of  them  were  most  easily  traced  >v'lieu  approached 
from  tlie  back.  For  this  purpose,  the  head  was  fixed  in 
wjix  with  the  front  surface  downwards,  the  submentum  re- 
moved, and  then  the  parts  below  gradually  displayed.     Fig. 

3  is  the  result  of  careful  dissections  of  numerous  individuals. 
If  the  commissures  passing  into  the  head  from  the  body 
ganglia  be  traced  forwards,  it  will  be  found  that,  just  within 
the  foramen  magnum,  where  they  join  the  infra-oesophageal 
ganglia,  a  minute  nerve  is  given  off  on  each  side  (figs.  2 
and  3  7if.),  which  appears  to  be  distributed  to  the  muscles 
in  the  immediate  vicinity  of  the  foramen.  In  one  instance 
there  seemed  to  be  two  or  three  of  these  minute  fibres. 
AVith  the  exception  of  the  nerves  just  mentioned,  no  fibres 
w^ere  to  be  found  passing  off  from  the  hinder  surface  of 
these  ganglia;  at  the  lowermost  angles  the  pair  of  nerves 
(h}i.)  pass  otl',  one  to  each  side  of  the  labium ;  each  of  these 
nerves  at  length  divides  into  two,  sending  a  branch  into 
the  inner  and  outer  divisions  of  the  labium.  Immediately 
in  front  of  each  labial  nerve,  or  perhaps  arising  from  it,  there 
is  another  very  minute  one,  which  passes  outwards  and  is  lost 
^^   the  surrounding  muscles.     A  little  further  forwards,  on 

'  side,  a  nerve  is  given  off  to  the  maxilla  {mz.).     From 
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E  base  of  this,  antl  close  to  the  ganglion  itself,  a  minute 

nerve  is  given  off,  which,  passing  directly  outwanls,  rould  bo 
traced  to  the  proxiiiinl  partof  ilu'  stipes.  Further  down  the 
tDaxillaty  nerve  iliviilps  into  two,  nnd  then  the  outer  division 
into  two  again,  thus  forming  three  branches,  which  no  doubt 
supply  the  three  distal  divisions  of  the  maxilla.  From  the 
front  and  lower  part  of  the  ganglia,  two  large  nerves  pass 
downwards  and  forwards,  close  together  for  some  little  dis- 
tance, and  then  diverging,  each  passes  into  the  mandible  of 
its  own  aide.  At  the  base  of  this  nerve  again,  a  minute 
fibre  arises,  as  in  the  case  of  the  nerves  of  the  maxilla  and 
labium,  and  this  was  found  to  pass  into  tbc  mandible  at  its 
most  proximal  part.  Although  the  di»ii'ibution  of  the  fine 
fibre  accompanying  the  labial  nerve  could  not  be  traced,  it 
seems  probable  that  it  supplies  the  basal  portion  of  the  la- 
bium; and  if  such  should  prove  to  be  the  case,  then  each 
of  the  mouth  appendages  will  be  seen  to  be  supplied  with 
two  nerves,  a  larger  and  a  smaller  one. 

At  present   I  have  been  unable  to  trace  any  nerves  ot 
□ene  into  the  lingua. 

The  Btomato- gas  trie  nerves,  as  stated  above,  arise  by  two 
roots,  one  from  each  cesophageal  commissure,  which  unite 
in  the  frontal  ganglion.  The  siiiijle  neniis  rerurrens  (fig. 
i  fn),  pasistng  back  from  the  frontal  ganglion  (figs.  1  and 
2  /$■),  runs  along  the  (Esophagus  under  the  brain,  and  is 
Kctcd  with  the  5 tomato- gastric  ganglia,  situated  at  the 
;  brain.  The  most  successful  dissection  of  these 
I  I  have  been  able  to  make  is  represented  in 
.8  has  been  verified  by  several  other  preparations. 
[  wen  that  the  ncrvua  recurrens  becomes  much 
tthe  point  where  it  joins,  on  each  side,  a  short 
tA,  with  the  binder  end  of  an  elongated,  some, 
-shaped,  ganglion.  Each  of  these  ganglia  ia 
connoted  posteriorly  with  a  second  oval  ganglion,  and  ante- 
riorly %  short  bundle  of  fibres  connects  it  with  the  back  part 
of  the  brain.  In  one  or  two  dissections  I  could  trace  these 
Berves  some  little  way  under  the  back  of  the  brnin,  but 
&ited  to  convince  myself  as  to  whether  they  joined  the  brain 
or  oot ;  however,  in  another  dissection  of  a  rery  large  cock- 
TtMcb,  th«M.>  nerves  could  be  seen  joining  the  back  of  the 
brain  welt  underneath,  tyit  no  nerve  could  be  traced  passing 
forward  from  this  point.  Nervous  filaments  are  given  off 
ftata  tbe  posterior  pair  of  g:inglin ;  and  in  another  prepara- 
lion  fibrrs  were  seen  to  be  given  off  from  the  anterior  \\ 
alio. 

In  the  Sphynx  niutU,  according  to  Newport  ('  Phil.  TrauE.,* 
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r.l8S4),  these  Htomato-gastric  ganglia  are  connected  with  the 
["•iHrain:  and  Lrydig  stiites  that  the  same  thing  occur?  in 
f  'Dgtisctu.  Fioge;  etaus,  on  the  authority  of  Kujiffer,  that  thii 
l«onoeclionisalso  found  iu  Blatta;  and,  ou  the  same  authority, 
.  they  are  said  to  send  fibres  to  the  salivary  glands.  |{ 

L  Internal  Structure  of  the  Brain.  ' 

The  internal  structures  of  the  brain,  which  are  described 
in  the  follomng  pages,  have   heen   worked  out  chiefly  by 
.   means  of  series  of  sections,  cut  in   definite  directions,  but 
this  has  to  some  extent  been  supplemented  by  dissections. 
Brains  hardened  in  osmic  acid,  after  the  manner  adopted  by     | 
Dieil,  were  found  to  be  most  eatisfaclory,  but  others  hardened    i 
in  alcohol  and  stained  with  carmine  were  very  useFul  for 
comparison.     The    most    instructive    sections    were    those 
which  have   been    called   "  frontal  sections ;"  that   is,  cut    , 
as  nearly  as  possible  parallel  with  the  ft-ont  surface  of  the    i 
brain ;  the  first  section  including  portions  of  both  the  hemi- 
spheres and  the  antennary  lobes.    One  brain,  which  had  been 
hardened  in  osmic  acid,  was  cut  in  this  way   into    thirty- 
four  sections,  each  about  the  -pgVith  of  an  inch  in  thickness, 
And  from    these   I  was   enabled    to    construct   the    model 
already  alluded  to.     From  this  series  of  section  those  have   '' 
heen   selected    for  illustration  which    it    was  thought  would 
best  explain  the  various  structures,  and  will  be  found  repre- 
sented on  Plate  XVI. 

Some  of  the  internal  parts  of  the  insects'  brain  have 
received  different  names  from  different  authors,  and  hence 
several  names  have  in  some  cases  been  given  lo  one  and  the 
same  part.  Dr.  Flogel,  evidently  seeing  the  dif&cully  likely 
to  arise  from  this  loose  nomenclature,  has  suggested  certain 
terms  which  might  be  used  by  future  writers  on  the 
subject.  Most  of  these  terms  would,  no  doubt,  have  been  at 
once  adopted  ;  but,  unfortunately^  they  are  given  in  German, 
and  it  would  be  necessary  for  other  than  German  writers 
to  render  them  in  equivalent  terms  of  their  own  language. 
I  would  suggest,  therefore,  that  we  now,  once  for  all, 
latinise  these  terms,  and  thus  obviate  this  dilRculty  also. 
The  mass  of  nervous  matter  found  at  the  lower  part 
in  each  hemisphere  (marked  t  in  the  accompanying  figures), 
and  called  by  Flogel  the  "  Balien,"  may  be  called  the 
irabecula.  That  peculiar  mass  of  nervous  tissue  passing 
off  from  the  trabecula,  and  ending  abruptly  on  the  front 
of  the  brain,  termed  by  the  same  author  "  Vorderhom" 
\\au\d    then    become   the   anterior   comu;    hut   this  name 
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•  adopted,  as  it  is  already  in  use  for  a  region  in 
the  faumau  brain,  and  would  certainly  lead  to  much  confu- 
sion. I  propose,  therefore,  to  natne  this  part  the  cauliculua 
{cau  in  figures).  It  will  be  convenient  to  call  the  hnider 
branch  given  off  from  the  trabecula  (that  is,  the  "  Hinterast  " 
of  FIdgel,  and  the  "  Pihslril"  of  Dietl)  the  peduncle  (p.  in 
figurt's)  in  allusion  to  its  being  the  support  of  the  so-called 
mushroom  body.  It  seems  to  me  undesirable  that  thia  latter 
name  should  be  altogether  abandoned,  seeing  that  it  has 
Iwen  much  used,  and  I  propose,  therefore,  that  each  of 
these  structures,  taken  as  a  whole,  be  known  as  a  corpus 
/itngi/orme,  while  the  inner  Iiough-Iike  portion  of  it,  called 
by  rlogffl  the  "Bechcr,"  will  become  the  calix ;  as  there  are 
two  of  these  on  cnch  side,  they  will  be  distinguished  by  the 
prclix  I'nM'T  or  outer  [icz.,  ocx.,  in  figures).  And  ihe 
calimilar  cells  may  then  be  distinguished  according  to  the 
portion  ihey  occupy  in  the  calix.  The  "  Centralkorpcr"  will 
become  the  corpus  ccnlrale.  I  should  prefer  to  retain  the 
name  of  aniennary  lobe  for  that  part  from  which  the 
ani«n»ary  nerve  passes  off,  until  wi-  ate  more  perfectly 
acquainted  with  the  functions  of  the  antennce. 

Il  is  proposed,  in  the  first  place,  to  describe  in  a  general 
way  the  series  of  sections,  and  afterwards  to  consider  each 
part  separately. 

The  first  aection  consists  very  largely  of  the  cortical  cells 
of  the  hemispheres,  but  inchidea  a  portion  of  one  of  the 
aotennary  1obe»,  At  the  upper  part  on  each  side  is  the 
ruuDilrd  end  of  the  i-auliculus.  In  section  No.  2  (fig.  5), 
the  cauiiculus,  which  is  strongly  curved,  occupies  a  Urge 
portion  of  each  hemisphere;  it  le  sharply  defined  from  the 
nrrtMinding  parts,  more  especially  from  the  mass  of  cells 
arching  over  tl  above,  which  are  coloured  yellow  by  the  osmic 
acid.  Fibres,  arising  from  the  middle  line  of  the  brain,  are 
Men  pawing  outwards  and  crossing  the  lower  part  of  the 
cok/iVn/m. 

In  section  No.  3  the  first  traces  of  the  calico  of  the 
earpora  fumgiformia  ate  seen  as  elongated  patches  above  the 
emiieititu,  and  within  the  cellular  cap.  In  section  No.  4 
tbe  ealieet  have  increased  in  size.  In  section  No.  5  the 
trahtcui*  are  seen  for  the  first  lime,  passing  on  each  side 
fiotn  the  lower  end  of  the  canliculut  downwards  to  the 
middle  lior.  In  section  6  (tig.  6)  we  have  the  first  indica- 
1  of  Ihe  pmluncle. 
I  the  following  sections  thcso  processes  incrrnse  in 
while  the  cauticuli  decrease  ;  the  caiicet  also  increase 

t  bwame  more  and  more  deeply  curved  (fig.  7),  until  k) 
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section  IS  (fig.  8)  the  pedunclei  have  reached  and  joined  the 
outer  calix  on  each  side,  the  caulicttlvs  having  almost  disap- 
peared. Ill  section  14  the  /jerfKnc/e*  have  joined  the  inner 
ealires  also,  and  this  connection  is  seen  in  each  section  as 
far  as  the  19th,  the  calices  at  the  same  time  exhibiting  their 
deepest  curvature.  In  section  20  {fig.  9)  the  peduncle  on 
each  side  has  entirely  disappeared,  the  trabecula  alone  being 
seen  in  the  middle  line  below.  In  the  succeeding  sections 
the  tratiecula  become  gradually  less,  but  can  be  traced  as 
far  as  the  28th  section.  Passing  back  from  the  18th  or  19th 
section,  the  calices  get  less  curved  and  smaller,  and  traces  of 
ihem  are  last  seen  in  the  S5th  section.  The  commissures 
lo  ihe  infra-cesopbageal  ganglia  are  reached  in  the  18th 
section,  and  become  larger  and  larger  through  the  remainder 
of  the  series. 

The  Trabecule  icith  their  CaultcuH  and  Peduncles. — The 
irabecula  in  each  hemisphere  commences  abruptly  in  the 
5th  section,  and  is  seen  extending  from  the  middle  line 
below  (where  it  abuts  upon,  but  apparently  does  not  join,  its 
fellow  of  the  opposite  side)  obliquely  upwards  and  out- 
wards to  join  the  lower  part  of  the  cauliculm  (fig.  6). 
Passing  backwards  the  trabecula  continues  about  ihe  same 
size  until  it  has  received  the  ^eifwMcfc,  behind  which  point  it 
gradually  decreases  (fig.  9),  and  is  altogether  lost  before  the 
back  of  the  brain  is  reached  (see  figs.  1-5  and  17). 

Each  cauUctdiis  is  a  large  mass  of  nervous  mailer,  contin- 
uous with  the  outer  part  of  the  trabecula,  the  junction 
extending  as  far  back  as  the  hinder  part  of  the  peduncle 
(fig.  15).  Seen  from  the  front  it  curves  upwards  and  out- 
wards, presenting  a  convex  surface  inwards,  and  a  concavity 
outwards  (figs.  5,  6,  and  17).  Its  thickness  from  before 
backwards  is  greater  than  it  is  from  side  to  side,  and  conse- 
quently it  presents  an  oval  figure  in  horizontal  sections. 
The  upper  portion  is  truncated  by  being  closely  applied  to 
the  under  surface  of  the  outer  calix,  while  the  inner  convex 
surface  is  closely  overlaid  by  the  inner  calix.  The  line  of 
demarcation  between  the  calices  and  the  cauliculus  is  very 
distinct,  and  there  seems  to  be  no  nervous  connection 
between  them.  Above  and  in  front  this  cauliculus  extends  to 
the  front  surface  of  the  hemisphere,  where  it  appeara  to  be 
merely  covered  by  the  tbin  investing  membrane  of  the  brain. 

The  peduncle,  or  stem  of  the  corpora  fungiformia,  arises 
from  the  trabecula  by  a  wide  base  extending  from  the  6th 
to  the  20lh  BEPlion.  Its  upper  part  is  very  much  smaller 
than  the  caidicuUia.  In  a  front  view  i\ie  peduncle  is  seen  to 
continue  upwards  the  curve  of  the  trahecuUj  and  to  present 
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iQrex  surface  outwards  (figs.  9  and  IT).  Quite  towards 
ftB  upper  end  the  peduncle  divides  into  two  parts,  one  of 
which  joins  the  outer  (fig.  1^),  and  the  other  itie  inner 
caiix. 

With  regard  to  the  histology  of  these  structures  I  am  now 
able  to  give  the  followiug  particulars : — The  upper  part  of 
ihp  peduncles,  where  they  join  the  caliccs,  shows  a  most 
definite  fibrous  structure  even  with  a  low  power  of  the 
microscope,  and  this  is  seen  extending  downwards  more  or 
less  distinctly  as  far  as  their  junction  with  the  trabecule. 
The  trahecula  themselves  and  the  cauliculi  present  only  a 
finely  granular  or  dotted  appearance  unless  examined  with  a 
high  puwer.  Under  a  V^^  immersion  both  these  parts  exhibit 
a  fine  reticulation,  llie  meshes  of  which  have,  perhaps,  a 
diameter  of  Ti-i-is  of  an  inch,  but  they  are  extremely  diffi- 
fult  to  define.  Hhe  peduncles,  with  the  same  amplification, 
fhow  a  simitar  network,  but  not  quite  so  fine,  and  the 
meshes  are  more  elongated  (tig.  14),  especially  towards  the 
up|>cr  part,  and  it  is  tbis  which  gives  it  a  fibrous  appear- 
ance. 1(  is,  in  fact,  a  bundle  of  fibres  which  freely  anas- 
tomose will]  each  other.  The  peculiar  system  of  bent  liues, 
itioned  by  Fldgel,  is  to  be  seen  in  horizontal  or  oblique 
ions,  where  the  ca m/i'c«/i  join  the  trahecula,  and  in  frontal 

_ions  where  the  lalter  join  i\ie  peduncles  (figs.  7,  S  p.). 
_  The  manner  in  which  these  remarkable  nervous  structures 
mn  connected  with  the  other  parts  of  the  brain  and  nervous 
■ysiem  have  yet  to  be  established.  The  only  parts  at 
present  known  to  be  connected  with  them  are  the  corpora 
/umfijormia.  The  nervous  fibres  which  surround  them  on 
all  sitiM  seem  to  be  merely  in  close  apposition,  and  not  to  be 
really  united  with  them.  Towards  the  back  of  the  brain, 
wheiD  the  trahecula  become  reduced  in  size,  they  also 
bMom«  less  and  less  clearly  separated  from  the  surrounding 
jtarts,  uid  it  seems  possible  that  there  is  some  connection  in 
this  Rgion.  Possibly  some  of  the  fibres  which  extend  down- 
wards from  the  large  corlical  ganglionic  cells  at  the  back  of 
the  brain  (fig.  lOj  join  the  trahecula,  but  1  have  been  unable 
to  trace  any  such  connection.  One  would  naturally  expect 
that  such  targe  and  important  parts  of  the  brain,  as  the 
trvhcculte  and  its  appendages,  the  cauliculi,  peduncles,  and 
corpora /unffi/ormia,  would  be  veiy  obviously  connected  with 
the  tnt  of  the  brain,  or,  at  least,  that  we  should  find  fibres 

iUnding  from  it  into  the  (esophageal  commissures. 
"  rpora  fuiujiformia. — There  are  two  of  these  bodies  in 
hemisphere,  an  inner  nnil  nn  outer  one,  both  I'xtcnding 
Mitr  tnc  ^nt  almost  lo  the  back  of  the  brnin.     Knih 
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of  these  consists  of  a  calix  (figs.  15^  16  ocx.,  tea;.),  and  a  cap- 
like covering  of  small  cells.  Each  calix  is,  perhaps^  best 
described  as  having  the  form  of  a  trough^  the  sides  of  which 
are  deepest  in  the  middle  and  much  shallower  towards  the 
ends,  more  especially  towards  the  front.  The  inner  calix 
is  rather  larger  than  the  outer  one,  and  the  two  are  closely 
applied,  to  each  other  and  covered  by  the  mass  of  cells, 
which  forms  one  cap  over  the  pair  of  calices.  The  appear- 
ance presented  by  these  bodies  in  frontal  sections  may  be 
seen  in  figs.  5  to  10,  but  the  general  form  will  be  best  under- 
stood by  reference  to  figs.  15  to  17,  which  represent  those 
parts  in  the  model  already  mentioned.  The  peduncles  are 
connected  with  the  calices  a  little  behind  their  middle 
region,  and  where  this  takes  place  the  calices  have  their 
greatest  depth. 

When  stained  with  osmic  acid  the  calices  become  very 
dark  and  ordinarily  appear  in  sections  to  be  composed  of  small 
dark  bodies,  which,  at  first,  might  be  mistaken  for  cells. 
Their  inner  surfaces,  more  especially  near  the  peduncles 
(fig.  8),  are  covered  with  fine  fibres,  which  run  in  the  direc- 
tion of  the  peduncles.  The  small  cells  which  fill  the  calices 
extend  just  over  their  margins  both  before  and  behind,  as 
well  as  at  the  sides.  They  are  stained  a  bright  yellow 
by  osmic  acid,  and  are  regarded  by  both  Dietl  and  Flogel  as 
being  cells  in  which  the  protoplasm  is  so  reduced  that  the 
nuclei  only  are  visible.  However  this  may  be,  they  certainly 
seem  to  me  to  be  of  quite  a  different  nature  from  the  cortical 
ganglionic  cells^  from  which  they  always  seem  to  be  sharply 
separated.  The  ganglionic  cells,  wherever  they  are  clearly 
shown,  are  seen  to  possess  not  only  a  nucleus,  but  also  a  very 
definite  nucleolus,  whilst  in  the  calicular  cells  I  have  failed 
to  find  any  nucleolus,  even  in  those  larger  ones  which  occupy 
the  base  or  deepest  part  of  each  calix.  Very  fine  dark  fibres 
are  seen  branching  out  and  penetrating  in  between  these 
cells,  enclosing  them,  apparently,  in  a  complete  network. 
Passing  inwards  these  fibres  collect  into  larger  branches, 
and  these  meeting  at  the  walls  of  the  calix,  form  a  kind  of 
festoons  (fig.  6).  In  the  neighbourhood  of  the  peduncles 
these  branches  may  be  seen  passing  into  the  fibres  of  the 
inner  walls  which  run  down  into  the  pedtmcles  (figs.  8  and 
12).  Whether  these  fibres  are  wholly  composed  of  nervous 
matter,  or  are  to  some  extent  accompanied  by  connective 
tissue,  it  is  not  easy  to  say. 

When  extremely  thin  sections  are  examined  with  a  high 
]>ower,  the  ultimate  structure  of  the  calicular  w^alls  still 
u mains  obscure;  but  with  care  one  can  see  that  the  fibres 
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ing  the  inner  part  of  the  wall  &uastoinos?  freely,  so  as 
muneiwoTk  pf  broad  fibree,  with  elongated  interspaces 
having  the  appearance  of  cells.  These  fibres  are  intimately 
uuited  with  a  similar,  btu  much  &nei,  network,  which 
makes  up  the  greatest  part  of  the  calicular  walls.  In  the 
Utter  portion  may  be  seen  rounded,  transparent  areas  of  very 
different  sizes,  and  other  irregular  patchea  of  a  darker  and 
granular  substance. 

Corpus  centrals. — The  peculiar  laminated  arrrangement  of 
nervous  matter,  described  by  Dietl  in  the  bee  and  mole- 
cricket  as  a  median  commissural  system,  is  called  by  Fliigel 
the  ceutrul  body.  This  structure  is  not  so  clearly  detined 
in  my  preparation  of  the  cockroach  as  it  is  in  the  two  insects 
just  Dienlioned.  In  the  series  of  frontal  sections  (34) 
from  which  this  description  is  taken,  the  lamination  of  the 
mitral  granular  substance  is  first  seen  in  the  thirteenth 
from  the  front  (fig.  8  c).  Here  the  granular  mass  is  indis- 
tinclly  divided  into  four  parts,  and  is  surrounded  by 
irregular  cells  and  interlacing  fibres ;  from  the  latter  fibrous 
banda  are  seen  passing  upwards  and  outwards,  some  of 
which     may  be  traced    to    the    optic   nerve,      Bflow    the 

nular  mass,  the-  cells  are  partly  divided  into  groups  by 
6btv«  passing  down  among  them.  In  the  12th 
Mction  only  a  small  portion  of  the  granular  substance  is  seen, 
while  the  cells  and  fibres  are  more  abundant  and  evident. 
In  the  14th  section  (he  granular  substance  is  clearly 
divided  into  six  paiU,  which  occupy  nearly  the  whole  width 
between  the  trabecule.  Below  this  the  cells  are  beginning 
to  give  place  to  granular  matter,  and  this  shows  some  indica- 
tion of  being  divided  into  platea  (fig.  11),  Passing  to 
the  19th  and  20th  sections,  we  find  that  in  the  upper 
pordon  the  divisions  of  the  granular  mass  have  increased 
m  number  tu  twelve  or  fourteen,  these  divisions,  however, 
are  not  »o  clearly  marked  off  as  in  the  more  anterior  sections. 
Above  this  there  is  a  row  of  very  transparent  cells,  and 
r  there  is  Utile  else  than  granular  matter  and  fibres, 
among  which  dark  branches  pass  upwards,  and 
"  r,  aeparale  the  granular  nintter  into  its  lainiiin.\  In 
„ion  nbtes  are  seen  passing  off  from  the  sides  of  the 
Jto  ctmtrale,  and  arching  over  the  now  reduced  trade' 
■  exceiid  in  tlie  direction  of  the  ii.sopliHgeal  commissures. 
Wrisions  of  the  granular  matter  are  still  to  he  traced 
'  tUn^  nnd  S3rd  sections,  and  continue  to  occupy 
width ;  notwithstanding  this,  the  granular 
:  fau  n1mo*t  i-ntirely  given  place  to  cell«  in  the  'i\\.\i 
Tbroughoul   its  length,   the  up{>er  surface  of  the 
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tissuo    combines  witli   tlie  nervous  tissue 
appenraiice  presGnted  by  their  sectious.     \Vheu  tbe  tliina 
sections  of  the  corpus  centrnle  arc  very  highly  mn^uiGed/| 
fibres   from  the  surrounding  cells    may  be  seen  collects  ^ 
together  and  forming  the  partitions  which  give  this  body  > 
its   laminated  appearance.     These  partitions  seem   to   b« 
intimately  connected  with     llio  enclosed  granular  matter, 
which  itself  gives  evidence  of  being  mitde  up  of  a  netwoi' 
of  fibres;  but  this  was  not  clearly  shown,  | 

With  regard  to  the  geui'tiil  form  of  the  corpus  ^oifro/J 
we  restrict  this  term  to  the  Uminntcd  granular  matters 
will  be  obvious,  from  what  bail  been  siiid  above,  that  it  liif 
broad  truncated  hinder  end,  and  diminishes  in  siz«  towii| 
the  from,  the  number  of  the  laminic  gradually  im 
from  before  backwards.  In  frontal  sections  the  upjKr  surGii.  _ 
is  convf  X,  The  form  of  tin-  lower  surface  will  be  best  under- 
stood by  reference  to  th<!  ligures  [S,  11,  It).  Anteriorly,  it 
passes  graihully  into  the  cells  lying  below,  whidt  fill  i 
the  space  between  the  trnbeculES.  Posteriorly  the  gTmuul 
mbetauce  occunies  the  whole  of  this  space,  nud  is,  ihq 
fore,  pointed  below.     The  sides  are  rounded. 

1  find    that  Flugel's  description  of  the  contral  body  ( 
not  agree  with  my  own  observations,  a*  gin>n  abov«  ; 
this,  to  some  extent  at  least,  is  due  to   our   sections 
being  in  precisely  the  snmu  pUuo,  and   panlv,  pethap*J 
out  not  including  in  the  description  exactly  thu  same  pu^ 
With  regard  to  tlie  numlmr  of  the  Inminic  (Flogcl  mcnltol 
eight),  my    specimens   show     most  clearly  au  increase  | 
number,  from  oefore   backwards,  as  above  described. 

Optic  ffaHff lion. — I  have  not  yet  had  the  Opportunity  i 
working  out  tho  structure  of  this  complicated  apparatuajl 
fully  as  it  deserves,  and  can  only  in  the  present  paper  s 
the  following  brief  description.  Horixonlal  sectious  at 
two  lenticular  bodies  placed  obliquely  and  surrounded  b]| 
thick  layer  of  cells.  The  nerve  fibres  passing  from  1 
front  and  back  part*  of  thv  cvo  cross  before  entering  B 
first  and  smallot  lenticular  l>ody;  they  cross  again  ( 
leaving  t(,  and  before  entering  the  second  and  larger  lei^ 
body.  Between  the  latter  and  the  brain  the  flb|^ 
Jbr  the  third  time.  After  entering  the  bumisphfll 
.of  the  tibrvs  may  be  seen  nassing  forward*  into  l' 
_  of  cells  lying  iu  front  of  tne  t»rput  cfntrale  ; 
ifiie   are   ludicatiuns  of  others   passing   aoroas   no«i 
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^^K  of  the  brain  to  join  simitar  fibres  from  the  0)iposite 
■ue. 

Ailenjiary  lobes. — These  are  large  in  the  cockroach,  and 
in  sections  present  very  much  the  same  structure  as  Dietl 
has  described  in  the  bee.  In  whatever  direction  they  are 
cut  they  present  the  appearance  of  being  composed  of  a 
number  of  large  cell-Hke  bodies,  with  fibres  passing  in 
between  ibem  in  every  direction,  the  whole  being  surrounded 
by  a  layer  of  large  ganglionic  cells.  The  interior  cell-like 
bodies  are  found  throughout  the  mass  of  the  anleiiuary 
lobe  in  the  cockroach,  whilst  in  ttie  bee  they  are  contiued 
to  the  periphery.  When  examined  more  closely  the  largo 
cell-like  bodies  arc  found  not  to  be  cells,  but  to  be  made 
up  of  a  delicate  network  of  fibres,  as  described  by  Diet] 
and  Ftogel.  It  was  only  with  a  high  magnifying  power 
(-iV  immersion)  that  this  network  could  be  traced,  and  theu 
il  was  by  no  means  distinct;   the  interspaces  still  appeared 

traoular,  with  minute  translucent  spots.  The  spaces 
etveen  the  rounded  bodies  are  seen  to  contain  cells  as  well 
as  6brefl  ;  indeed,  it  may  be  said  that  the  cortical  ganglionic 
ceils  extend  into  the  interior  of  the  lobe.  The  fibres  anas- 
tomose with  each  other,  and  are  continuous,  on  the  one 
hand,  with  the  fine  network  of  the  rounded  bodies,  and,  on 
the  other,  with  the  antennary  and  commissural  nerve-fibres. 
The  ultimate  structure  of  these  rounded  bodies  is  very 
»imiUr  to  that  of  the  calices,  but  it  is  coarser,  and  many  of 
the  transparent  spaces  are  much  larger. 

From  the  inner  side  of  the  antenuary  lobe  fibres  are  given 
off,  which  pass  under  the /ra$«cu/<f,  and  unite  with  similar 
fibres  from  the  opposite  side.  Posteriorly,  this  lobe  is  con- 
nected with  the  u-sophageal  comniissuie,  and  certain  fibres 
may  be  traced  inwards  to  the  cells  around  the  corpus 
fc. 

t  bolow  the  antennary  lobe,  and  iu  the  cesophageal 
■intirea,  close  to  the  spot  where  the  nerve  to  the  frontal 
pion  arises,  there  is  a  small  rounded  body,  composed  of 
of  granular  matter,  not  unlike  that  of  the  calicei. 
This  body  seems  to  be  the  homologue  of  a  similar 
•tmcture  in  the  mole-cricket  described  by  Dietl. 
bav*  Dot  been  able  to  trace  its  relations  to  the  surrounding 
puu< 

Cortical  ganglionic  ce//<.— The  brain  is  almost  surrounded 
bj  ihne  large  cells,  eicepting  above,  in  the  region  occupied 
by  tb«  corpora  fungiformia,  and,  probably,  tbey  do  not 
ezitod  orer  the  eaulicuU.  These  ganglionic  nucleated  cells 
«  BB<^  in  Btze,  some  of  them  being  very  large,  and  tfaej 
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:  not  stained  so  bright  a  yellow  by  the  osmic  acid  as  the 

I  celU  of  the  corpora  fungifortnia. 

These  ganglionic  cells  are  very  numcious  at  the  back  of 

II  the  brain  (tig.  10),  ihey  extend  inwards  between  Lbe 
corpora  fungiformia  and  the  so-called  primary  lobe;  they 
fill  the  median  groove  above  the  corpus  centrale  (figs.  5  to 
10) ;  they  are  found  in  abundance  in  the  an»les  and  spaces 
between  the  antennary  lobes  and  the  rest  of  the  braia  ;  and, 
as  already  mentioned,  they  form  a  thick  layer  over  the  optic 
ganglion. 

,       These  cells  appear  to  be  surrounded  by  connective  tissue, 
which   also    seems    to    form   a   large   part   of  the   fibrous 
bands,  seen  passing  off  from  thcin,  especially  at  the  back 
'   part   of  the   brain  (Ag.    10),   but   at    the   same    time    the 
'  granular  cell  contents  may  he  seen  in  some  instance,  ex- 
tending into  the  iibres  (hg.  IS).     These  fibres  at  the  back 
of  the  brain  (fig.  10)  pass  downwards  almost  vertically  to  the 
I  region  of  the  trabecule  and  then  turn  outwards.     The  cells 
^  of  the  median  sulcus  are  connected,  as  we  have  seen,  with 
the  fibres  and  cells  of  the  corpus  centrale,  and  just  in  front 
of  the  trabeculie  large  fibres  pass  down  iu  the  middle  line 
t  into  a  peculiar  fan-like  arrangement  of  cells  found  on  the 
'  base  of  the  brain  in  this  region.  i 


Tie  MiciLOPiiYTEs  w/iicA  have  beenfuund  in  the  Blood  and  their 
Ueiation  to  Disease.^  By  Timothy  Hich&rds  Lewis,  M.B-, 
Surgeon,  Army  Medical  Department;  Fellow  of  the  Calcutta 
University.     (AVith  Plate  XVII.) 

Before  eutering  on  a  minute  description  of  the  microscopic 
organisms  found  in  the  blood  which  are  more  alUed  to  plants 
than  to  animals,  it  will  be  advantageous  to  consider  to  what 
special  subdivisions  of  the  vegetable  Kingdom  these  bodies  seem 
to  belong.  I4o  small  amount  of  confusion  has  arisen  from  want 
of  a  clear  knowledge  of  this  point,  especially  on  the  part  of 
strictly  medical  writers  who  have  discussed  the  subject  of  the 
Connection  of  disease  with  vegetable  parasites.  JTageli,  in  his 
remarkably  suggestive  work,^  recently  published,  has  placed  this 

■  Forms  Part  I  of  tLe  Ucmoir  on  the  Microzoa  and  Uiciopbjtea  of  the 
Blood,  which  appears  as  an  Appendix  to  the 'Fourteenth  Animal  Report 
ot  the  Sanitnrj  Commisaioners  wiih  tlie  Government  of  India.'^En.] 

'  '  Die  Niedereu  Pilze  in  ihre n  Ikiiehuni^n  lu  den  InfectiooakrankheitCQ 

A  der  OesuadheitepQeBe,'  Uiiociieii,  1S77. 


j^^^^d  der  ( 


MICROPBTTKB   PODND  IN  THE  BLOOD.  857 

in  a  very  clear  lightj  and,  being  an  authoritj  of  the  first 
,  especially  on  the  botanical  phase  of  the  subject  which 
formii  the  text  of  this  paper,  his  statemeats  ou  this  particular 
point  are  worthy  of  exceptional  attention.  The  forms  of  piant- 
life  vhicb  have  been  recognised  as  having  been  more  or  less 
closely  associated  with  changes  in  living  animal  substances  are 
the  lower  kinds  of  fun;ri.  These  Ni^eli  separates  into  three 
groups:  (1)  A/oji/i/#,  characterised  by  branched,  segmented,  ur 
iinsi^meDted  filaments ;  {Z)  Hproutinff  fungi ,  yeast  celb  of  various 
kinds,  consisting  of  more  or  less  oval  corpuscles,  which  multiply 
by  means  of  sprouts  from  their  surfaces  ;  and  {A)  Cieft-fungi  or 
ScAi:i»iiyrel<-» — minute  spherical  or  oval  bodies,  which  are  multi- 
plied by  fission  only,  ajid  which  sometimes  remain  isolated,  at 
otMrs  form  unbranched  rows  (rods,  threads,  &c.),  but  only  occa- 
aiooally' present  a  cubiform  aspect.  To  this  group  (he  bacUrium, 
vibrio,  vUrio-liuilht,  ^irillvm,  kc,  belong. 

Mftgcli  writes :  "  I  have  separated  the  lower  forms  of  fungi 
into  three  groups.  On  account  of  many  practical  questions  it  is 
of  importwice  to  know  whether  specific  differences  really  exist,  or 
whether  we  have  to  do  with  the  same  species  under  different 
conditions,  it  being  possible  that  diS'erent  fungi  possessed  a 
•  mould,'  a  'spront,'  or  a  '  cleft'  form.  This  is  a  subject  which 
has  formed  the  subject  of  debate  during  the  last  sixteen  years, 
tttd  many  observations  have  been  recorded  for  the  purpose  of 
abowtng  that,  as  a  result  of  cultivation  expcrimeiita,  the  most 
opposite  forms  have  been  seen  to  pass  from  one  into  the  othejr." 
With  reference  to  this  point  Xi^eli  forcibly  points  oat  the  fallu- 
aea  to  which  men  are  liable  in  dratring  conclusions  from  cultiva- 
tioo  experiments,  and  says  that,  in  majiy  respects,  it  would  be  as 
ntioau  for  the  husbandman  to  assert  that  the  weeds  in  bis  field 
were  the  result  of  transformations  which  the  seed  of  wheat  pre- 
viously sown  had  undergone.  No  one  would  believe  such  a  state- 
unit,  for  tlic  seeds  of  weeds  are  large  enough  to  be  easily  recog- 
nised, wbetets  the  germs  of  fungi  are  of  microscopic  dimensions 
— tboae  of  the  teiUom^eftet  often  barely  distinguishable  with  the 
faiglmt  powers ;  hence  the  assertions  which  nave  been  made 
n^uding  the  transition  of  such  miniite  organisms  cannot  easily 
be  controlled.  "  Moreover,"  adds  Niigeli,  "the  rapid  and  super- 
fidnl  ubwrrrr  haa  a  marked  advantage ;  the  conclusions  which  he 
bu  aniTcd  at  as  the  result  of  a  so-cdled  uncontaminated  cul- 
tiraduD  l^naJtuliKf]  of  a  single  week's  duration  may  re<|uire 
ycBi  of  labour  on  the  part  of  the  thoroughly  competent  observer 
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tlua  question  lias  of  late  years  beeo  investigated  by  many  dis- 
tingouhed  mau/i,  notably  by  Professor  de  Bury,  of  tJtraaburg. 
j|lc  bM  abown  that  a  fungus  undergoes  but  a  veiy  Innitcd  and 
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well-defineil  range  of  changes.  Nageli,  as  the  result  of  his  a 
observations,  dedarea  that,  of  llie  tlirre  groups  of  tvaf(i  above 
referred  to,  the  "  mould"  and  *'  sprout"  fmigi  are  closeljr  rd»tcd, 
but  that]  wilh  one  exceptiou,  thej'  have  not  jei  been  seen  to  pau 
from  oue  form  into  tlie  other.  The  eicoptiou  consists  in  the  cir- 
cumstance that  a  certain  qtecies  of  mucor  (a  mould]  has  bei-n 
observed  to  present  the  two  forms  of  vegetation — the  filameutons 
and  the  sprouting.  Fission- fungi,  however,  do  not  stand  in  ujr 
genetic  relation  to  either  of  the  other  two  groups,  for  they 
neither  give  rise  to  other  fungal  forms  nor  originate  from  them ; 
heuce  it  is  distinctly  laid  down  tlint  tbev  do  not  germinnt«.  In 
this  it  would  appear  that  Nltgeli  and  de  llary  are  completely  in 
accord.  Niigeli  states  that  it  is  comparatively  easy  to  demou- 
strate  that  the  "  fission"  group  of  fuugi  are  not  transformed  into 
other  groups,  from  the  circumstance  tnat  members  of  the  latter, 
when  present  in  a  solution,  are  killed  at  a  lower  temperature 
than  those  of  the  former.  This  peculiarity,  however,  renders  it 
much  more  diilicult  to  show  tliat  other  (the  "mould"  and 
"  sprout")  groups  do  not  give  rise  to  »chi:<imi/ceUt,  as  it  is  im- 
possible so  to  isolate  the  germs  of  other  fungi  aa  to  exclude  this 
group.  Eventuallv,  however,  he  was  able  to  satisfy  himself  on 
this  point  also  by  first  destroying  by  heat  all  the  fungal  forma  in 
a  nutrient  solution,  and  then  permitting  a  mould  to  extend  its 
lllaments  into  it.  In  this  way  be  kept  some  solutions  thaa  pre- 
pared for  four  years  with  only  the  ''  mould"  form  of  vegetation 
in  them. 

Of  the  foregoing  three  groups  of  organisms  the  only  one 
which  requires  to  he  deJilt  wilh  here  is  the  third — the  ichnomy 
cetrt — as  it  is  only  the  various  forms  of  this  group  of  the  fuuval 
family  which  have  hitherto  been  unequivocally  found  m  uie 
blood. 

Another  distinguished  botanist,  Profesaor  Cobn  of  Krcslau, 
has  also  paid  much  attention  to  these'Iow  forms  of  life,  and  has 
recently  deviled  a  new  system  of  classification  for  them,  taking 
aa  bis  starting-point  the  dictum  that  the  tcAUomyce/et  are  more 
cloaely  related  to  afga^  than  to  fungi,  and  suggests,  then-fore,  tha 
term  ickizophyia  for  the  family,  in  place  of  the  name  given  by 
Niigeli,  which  haa  been  in  general  use  hitherto.  Colin  has, 
moreover,  advanced  the  supposed  ditfcrences  in  physiological 
properties  manifested  by  some  of  theae  low  growths  as  sufiident 
ground*  foi*  assigning  to  tliem  specific  designations.  In  doing 
this  Niigeli  says  Cohn  has  given  expression  to  a  gmcrally  enter- 
tained opinion,  and  one  especially  atfecled  by  the  medical  pro- 
fession ;  but  he  (Niigeh)  it  unacquainted  with  anv  facts  in 
support  of  such  ■  view.  "  1  have,"  he  writes,  "  iluring  ^I 
last  ten  jeani  examined  some  thousands  of  different  forok 
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a-yeast  cells,  but  (exclading  tardna)  I  could  nol  assert 

1  there  was  any  necessity  to  separate  ihem  into  even  two 

cifio  kinds."'     On  the  other  hand,  there   is  not  sufficient 

e  to  show  that  all  the  forms  constitute  in  realitj  but  one 

) 

"  Notwithstanding  the  circumstances    that   the    ichizomycelei 

mme,  within  certain  limits,  such  different  aspects   (and  the 

■Burieuce  of  such  an  authoritj  as  Nageli  on  such  a  matter  as 

l<An  canocit  be  lightly  set  aside),  it  is,  nevertheless,  convenient, 

irrespective  of  any   particular  theories,  that   terms    should    be 

adopted  whicb  will  sufBce  to  distinguish  Ihe  leading  forms. 

Dujardin  suggested  three  terms  for  the  group  :  (1)  iiacterinm, 
(£)  rtino.and  {%) tpirilluni.  Notwithstanding thegreatadvance 
which  baa  been  made  in  our  knowledge  of  these  organisms  since 
ibe  date  of  Dujardin's  classification,  there  atiU  remains  very  much 
to  be  done  before  anything  like  a  satisfactory  settlement  of  the 
matter   can   be  accomplished.      It    will,  therefore,  perhaps   be 


1 


L-fiinei — Sehnomi/celei.  *,  Splieticsl  bnc- 
)  i  B,  Elongated  bncleria  {Baelerinat  ttraie} ; 
;,  Spirilla,      x  COO  dtam. 

Icr  for  the  present  to  accept  these  simple  terms,  espedally 
_  I,  with  very  trifling  modiUcatious,  they  are  sufficient  to  indicate 
till  Hie  forma  which  have  hitherto  been  found  in  the  blood.  The 
followini;  brief  descriptiou  will  sufhce  to  explain  what  forms  of 
this  group  of  oi^nisms  are  comprehended  by  the  terms  adopted  ; 
1,  ^ierieal  bacteria — minute,  vitalised  bodies,  barely  visible  with 
the  highest  powers  (fig.  1 ,  a)  ;  2,  Elongated  baeUria — almost 
equally  minute  cylindrical  tods  (fig.  1,  b)  ;  3,  Vtbrionei — short, 
undulating  tilameutM  manifesting  somewhat  screw-Uke  movements 
{Kg.  !,  c);  4,  Bacim,  ox  Fibrio-iadlii—RDe.  short  filaments, 
iudistiucOy  jointed,  which,  when  they  attain  considerable  length, 
an  •ometiuics  described  us  tepMhrix  filaments  (fig.  1,  n); 
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Spirilla — fine^  more  or  less  flexible^  spiral   filaments^   which 
manifest  well-marked  screw-like  movements  (fig.  1,  b.). 

It  may  be  mentioned,  in  passing,  that  examples  of  each  of 
these  forms  may  commonly  be  detected  in  the  muco-salivary  fluid 
from  the  mouth  of  healthy  persons. 

The  question  which  naturally  suggests  itself  now  is  :  Under 
what  condition  are  organisms  of  this  character  found  in  the  blood  ? 
M.  Pasteur  states  that  the  blood  in  health  is  absolutely  free  from 
anything  of  the  kind.  His  words  are  :  ''  Le  sang  d'on  animal 
en  pleine  sant^  ne  renferme  jamais  d'organismes  microeoopiqnes 
ni  leurs  germes.'^^  Dr.  Beale,  on  the  other  hand,  says^  "  The 
higher  life  is,  I  think,  interpenetrated,  as  it  were>  by  the  lowest 
life.  Probably  there  is  not  a  tissue  in  which  these  germs  are 
not ;  nor  is  the  Uood  of  man  free  from  them/'*  It  may  appear 
strange  that  the  satisfactory  settlement  of  a  question,  apparently 
so  very  simple,  should  hitherto  have  proved  impossible,  and  that 
many  eminent  observers  should  have  arrived  at  opponte  conclu- 
sions regarding  it.  It  may  be  that  to  a  certain  extent  both 
classes  of  observers  are  in  the  right,  for  if,  as  is  not  uncommonly 
affirmed,  very  many  of  these  extremely  minute  organisms  con- 
stantly find  their  wav  into  the  circuliUion  tiirough  the  lungs  and 
pass  through  the  walls  of  the  intestinal  tract  along  with  the  food 
(that  bacteria  pass  with  fluids  through  a  membranous  septum  is 
a  well-ascertained  fact,  as  also  that  tney  will  pass  through  porous 
earthenware  and  other  filtering  media),  it  is  very  certain  that 
their  existence  in  the  plasma  of  healthy  blood  is  of  comparatively 
short  duration. 

This  point  has  been  definitely  settled  as  the  result  of  observa- 
tion by  many  pathologists,  and  Dr.  Douglas  Cunningham  and 
myself  were,  some  years  ago,  able  to  satisfy  ourselves  that  bacteriaf 
vibriones^  bacilli j  and  so  forth,  very  speedily  disappear  from  the 
liquor  sanguinis,  even  when  introduced  into  it  during  life  in 
considerable  numbers.  Out  of  forty-nine  experiments  which 
were  conducted  by  us  with  a  view  of  clearing  up  this  matter, 
twelve  of  the  animals  were  examined  within  six  hours  of  the 
organisms  being  injected  into  the  veins,  and  bacteria,  &c.,  were 
found  to  be  present  in  seven,  or  at  the  rate  of  about  58  per 
cent.  ;  and  out  of  thirty  examined  within  twenty-four  hours, 
their  presence  was  detected  in  fourteen,  or  47  per  cent. ;  whereas 
in  nineteen  specimens  of  blood  derived  from  animals  which  had 
been  inoculated  in  this  manner  from  two  to  seven  days  previously, 
these  bodies  could  only  be  detected  in  two  of  them,  or  a  Httle 
over  10  per  cent.,  just  6  per  cent,  higher  than  we  had  observed 
to    be  the  case   out  of  a  number  of   ordinary  preparations  of 

»  'Comptes  Rcndus,'  t.  Ixxxv,  p.  108;  IGth  Julj,  1S77. 
«  'Disease  Germs/  1870,  p.  61. 
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f  blood  which  we  had  ( 


It  it 


a  however,  obvious 
)agh  it  is  possible  that  the  blood  maj  be  constantly 
replcDisbed  with  a  (creater  or  less  number  of  these  orgaoisms,  jet 
the;  do  not  accun)ulat«  tu  any  great  extent  therein,  and  it  may 
be  lafely  nl&rmed  that  their  presence  in  appreciable  numbers  is, 
judging  from  experience,  incompstible  with  a  state  of  perfect 
health.  It  will  hereafter  be  seen  that  the  same  remarks  does 
not  bidd  good  as  regards  parasites  of,  apparently,  animal  nature. 

It  may  be  aiiirined,  further,  that  in  certain  diseased  conditions 
microphytes  are  very  generally  present,  tliougb  perhaps  not 
invanabiy,  nor  is  their  nnmber  coincident  with  the  gravity  of  the 
malady.  Omitting  the  cases  in  which  these  organisms  have  been 
found  associated  with  disease  in  insects  (on  account  of  the  diffi- 
calty  of  isolating  nod  clearly  identif^'ing  such  organisms  as  &n 
fuaud  in  the  blood  in  these  cases  from  tliose  found  in  the  tissues 
gejienUly),  it  may  be  staled  that  it  has  been  clearly  established 
that  one  or  other  of  the  forms  of  Gssicn-fungi  have  been  found  in 
the  blood  in  two  diseases,  via.  in  cAarion,  mal  lie  rati  or  ipltuic 
ftetf,  and  in  recuTrtnt  ftrer.  M.  Pasteur  has  recently  main- 
taiord  that  a  third  should  be  added  to  the  list — ttptieamia  ;  and. 
Mill  more  recently,  a  fourth  has  been  added  by  Dr.  Klein, 
namely,  the  disease  commonly  known  as  "  typhoid  feier"  of 
tbepig. 

lacse  matters  have,  daring  the  last  few  years,  received  great 
■ttention  from  thoughtful  members  of  the  medical  profession,  and 
probably  at  the  present  time  no  subject  of  a  scientiBc  character  is 
being  more  closely  investigated. 

The  importance  of  thoroughly  sifting  the  evidence  on  which  the 
interpretations  which  have  been  placed  on  the  signiScance  of  such 
ofganinas  in  the  blood  can  scarcely  beover-rated, seeing  that,  should 
tbe  view  now  commonly  advanced,  prove  to  be  correct,  the  theory 
and  practice  of  medicine  would  be  radically  affected  and,  possibly, 
tk)  future  action  of  the  State  with  regsrd  to  disease  be  materially 
modified.  Before  mnking  an  attempt  to  institute  such  an  exatni- 
nation,  it  may  be  well  to  refer  brietly  to  the  more  salient  circum- 
•taoces  which  have  conduced  to  make  the  present  doctrine  of  the 
causative  relation  to  disease  of  these  low  forms  of  plant-life  so 
■tlrBctivc  to  botnnixts  and  to  the  medical  profession.  "The 
foandaliotis  of  ttie  germ  theory  of  disease  in  it!>  most  commonly 
Meepttt)  lona,"  writes  Dr.  Cliarlton  Bastian,' "  were  Uid  in  1S36 
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and  shortly  afterwards.  The  discovery  at  this  time  of  the  jeast- 
plant  bj  Schwann  and  Cagniard-Latour  soon  led  to  (he  more 
general  recoguitioa  of  the  almost  constant  association  of  certain 
low  organisDiB  with  different  kinds  of  fermenlatious.  But  it  waa 
not  till  twenty  years  afterwards  that  Pasteur  announced,  as  the 
result  of  his  apjiarently  conclusive  researches,  that  low  organiams 
acted  as  the  invariable  causes  of  fermentations  and  putrefactions ; 
that  such  changes,  in  fact,  tliough  chemical  processes,  were  only 
capable  of  being  initiated  by  the  agency  of  living  units."  These 
observations  and  the  interpretations  applied  to  them  very  rapidly 
caught  the  ear  of  tbc  medical  profession,  as  from  a  very  early 
period  in  the  history  of  medicine  the  supposition  that  disease  was 
propagated  by  means  of  a  ferment— a  leaven — had  taken  a  firm 
hold.  Previous  to  the  publicalion  of  M.  Pasteur's  observations, 
a  physico-chemical  tlieory  had  been  almost  universally  acknow- 
ledged as  sufliciently  explanatory  of  the  gihenomcna  manifested 
by  certain  classes  of  disease.  This  was  notably  the  case  with 
regard  to  the  fermentation-doctrine  of  Liebig,  a  doctrine  the 
truth  of  which  he  ^trongIy  advocated  until  the  day  of  his  death 
in  1873,  and  which,  somewhat  modified  as  a  result  of  later 
researches,  is  still  upheld  by  some  of  the  most  eminent  chemists 
of  our  own  time. 

The  leading  features  the  "  vital "  and  the  "  physico-chemical " 
theories  of  fermentation^  have  recently  been  lucidly  summarised 
by  Mr.  C.  T.  Kingzett  in  a  paper  read  before  the  Society  of 
Arls.=  With  rejiard  to  the  first  of  tlifsc  views  and  in  illustration 
of  them  this  chemist  remarks :  "  When  a  solution  of  sugar  is 
exposed  to  the  action  of  healthy  yeast  it  suffers  a  change ;  the 
atoms  comprised  in  its  molecules  are  broken  up  and  rearranged 
into  new  forms,  which  are  recognised  as  alcohol  and  carbonic 
dioxide.  Glycerine  and  succinic  acid  are  also  formed  at  the 
expense  of  the  sugar,  but  the  lactic  acid  which  generally  accom- 
panies alcoholic  fermentation  is  considered  as  proved  to  be  due  to 
the  presence  of  a  ferment  distinct  from,  but  scoompanying,  the 

'  '  Certain  orf>iiiic  compounds,  when  exposed  to  the  iction  of  air,  wiUr, 
Bad  a  certain  temperature,  undergo  decomposition,  consisting  eitber  in  a 
slow  eombuBtioD  oroxidntion  b;  the  surrounding  air,  or  in  a  new  arrsjige. 
ment  ot  the  elements  of  the  compound  in  different  proportions  (often  wiUi 
assimilalioQ  of  the  elements  of  water),  and  the  consequent  formation  of  new 
products.  Tbe  former  process,  that  of  alow  combustion,  is  called  Erema- 
eaiuii  or  Deeay ;  tbe  latter  is  called  Putrefaction  or  FermeHtalion^iutrt- 
feetiim  when  it  is  accompanied  by  an  offensive  odour,/(fnitCT(o/iD«  when  no 
such  odonr  is  evolved,  and  especially  if  tbe  process  resntrs  in  the  formatioD 
of  useful  products  ;  thus,  tbe  decomposition  of  a  dead  body,  or  of  a  quantilr 
(if  blood  or  urine,  is  putrcfBCtion  ;  ili»t  of  (;riii'R  juice  ot  mall-wort.  which 
jieliis  alcohol,  is  feriiieutfltion.' — '  Wall's  DioliiHmrj  ot  Cheniislrj  '  vol  ii 
-   r,a*,  1873.  '    ' 

"  '  Juurunl  of  tlie  Society  of  Arts,'  Marcb,  T878. 


Ulf&dPBl'TES  roUND  IN   THE  BLOOD.  Sd3 

.  The  fermeDlatioQ  aliuded  to  is  regarded  as  a 
pailieular  instance  of  a  biological  reaction,  manifesting  itself  as 
the  resott  of  a  special  force  residing  in  orgaiiiinns  ;  or,  in  other 
words,  ferment atiou  is  essentially  a  correlative  phenomenon  of  a 
Titil  act,  beginning  and  ending  wiLh  it.  On  this  hjrpothesia, 
where  there  is  fermentation  there  is  o^anisation,  derelopmentt 
and  multiplication  of  the  globules  of  the  ferment  itself.  The 
inslsDCfi  quoted  above  is  by  no  means  solitary ;  it  is  exemplary 
of  many  other  changes,  induced  by  tlie  same  or  other  fermented 
matters  in  media  suitable  for  their  gronth  and  reproduction. 
Thu*,  we  have  mannilic,  lactic,  auimoniacal,  and  butyric 
fermentations,  besides  many  others,  ail  of  them  having  one 
featnre  in  common,  viz,  the  reproduction  of  the  ferment.'  It 
has  not  yet,  however,  been  sal  isfactorily  ascertained — a  very  essen- 
tial laatler  tn  be  settled  before  the  foregoing  interpretation  of 
fermentative  processes  can  be  establislied — that  the  several 
processes  are  the  result  of  the  action  of  specifically  distinct 
growtha. 

Baron  Liebig  vigorously  opposed  this  doctrine,  and  Mr. 
Kingtett  suggests,  probably  ignored  the  influence,  of  vital  action 
to  too  great  an  exti-nt ;  all  that  was  required  in  his  opinion  for 
inducing  the  fermentative  change  was  contact  with  matter  which 
was  itself  undergoing  change.     Mr.  Kingzett  thus  sums  up  the 

thvsico-cbemical  doctrine  of  fermentation  as  advanceu  by 
licbig: — Mechanical  or  other  motiou  exerts  an  influence  on 
the  power  which  delermines  the  sUte  of  a  body.  Thus,  a 
crytUl  of  sulphate  of  sodium,  a  speck  of  dust,  or  grain  of 
sand,  when  dronped  into  a  saturated  solution,  say  of  sulphate  of 
•odiam,  may  determine  the  entire  crystallisation  of  the  fluid. 
()r,  ^ain,  when  fulminates  of  silver  and  mercury  are  tickled 
%)itlj  by  a  feather  or  glass  rod,  they  suddenly  explode  with 
vtolrace.  A  slill  better  instance  is  the  reaction  which  occurs 
hetwKD  peroxide  of  hydrogen  and  argentic  oxide;  these  snb- 
•Unccs,  whcp  mixed,  give  rise  to  the  production  of  metallic 
nlvcr  and  free  oxygen  ;  the  peroxide  of  hydrogen,  being  un- 
rtaUe,  ■•  constantly  undergoing  decomposition  from  the  moment 
of  iU  formation,  and  this  decomposition  results  in  the  pro- 
daetion  of  water  and  free  oxygen;  immediately,  therefore,  that 
Ihiadtangc  comes  into  contact  with  oxide  of  silver,  it  gives  to 
that  body  lhe>Bmc  tcjidincy  to  change. 

A. — ntt  Organimi  found  in  Ike  Blood  i»  SpteHK  Fever. 

\,  the  assumption  that  certain  diseases  which  are  undnubtrdly 
tbie  by  inoculation,  and  several  others  commonly  be- 
'  Journal  ut  the  &>cicty  of  Arts,'  March,  Wi. 
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lieveil  to  be  communicable  in  other  ways,  are  in  reality  tlicrMuli 
afenneutuf  some  kind,  the  rarious  theories  of  the  oRauliou  off 
fermeDtiveprocesseHhavcalwayBprovcilnnnttrRGtiveMuhjeGtofat 
to  the  more  thinking  section  of  tlie  medieiil  profeRsiion.  As  ain 
!itat«fl,  the  |)hyai CO- chemical  theory  of  IlerKehus,  anil  subseqttM 
(if  Liebig  and  his  followers,  was  very  commonly  accpptrd  as  U 
Bufllcient  in  connection  with  tho  etiology  of  discaiT,  m  lotiv 
it  was  favorably  received  by  the  majority  of  tlie  chemists  of  J 
time;  but  latterly  Schwann'ii  viewa,  as  expounded  f 
fied  bv  Pasteur  and  others,  have  undoubtedly  taken  the  I 
Probsiily  no  single  incident  has  tended  so  much  townrds  0B< 
listing  the  attention  of  the  medical  profession  to  it  than  the  pub- 
lication of  the  exjieriments  of  M.  i)nvnine,  which  went  to  show 
that  minute  organisms  were,  to  a  greater  or  less  degree,  cons' 
present  in  the  bodies  of  animals  which  had  died  of  the  d 
known  SB  malignant  puilulcinman — t\x"Mihiratid"  atQatmat 
l\\e"  cAarbiii"  of  cnttlt  and  pign,  and  "mal  dc  rale"  ofahtwpj 
Prance.  The  terms  " uplenio  fever"  or  "splenic  apoplefl 
"aiilhrncoid  disease,"  &c.,  are  commonly  adupted  in  Engl 
in  describing  the  alTection.  fiircfa-llirechfcld'  states  1 
the  organisms  found  in  this  affection  were  first  deschbedl 
Bmuell  in  lHi9  and  by  I'ollender  in  1857;  but,  undoubt« 
jtwu  M.  Davaine's  researches  which  were  the  means  of  ixi 
ing  serious  public  attention  to  tho  matter.  In  August,  18) 
M.  Davaine,  in  conjunction  with  M.  Rayer,  published  on  a 
of  these  organisms,  deacribinc  them  as  minntc  filamentoiis  b 
motttnilestt,  and  about  double  the  lenglli  of  the  diameter  of  1 4 
blood -corpuscle.  M.  Pasteur'  maintains  that  the  time  just  n 
lioned  represents  the  date  of  tho  first  publication  of  the  n 
cnce  of  these  bodies  in  charbon,  but  this   idea  is  maDifH 
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Instigated    thereto  by  the  publication  of  M.  Pasirur's  -j 
searches  (which  went  to  show  that  butyric  fermentation  wa*  a 
as  believed,  due  to  an  albuminoid  body  in  process  of  apontona^ 
decomposition,  but  to  vibriones,  which  jiresented   the  gre 
resemblance  to  the  "corps  (llifotriic!i,"  found  in  the  blood'f 
animals  dying  oltkarban)  M.    Davuine  returned  to  Ihesubj 
in  IHUSand  ISUi.     The  organisms  were  at  lirat  conniderciij 
M.  Davaine   to  Ik;  bacteria;  but  finding  in  certain  canes  \ 
the  fliameuta  or  rods  varied  in  lengtii,'nG  modified  then 
and  thef  have  consequently  been,  until  lately,  commonly  dta 
nated  otuf^idia.     At  this  period   it    was  suppnxi-d  that  t" 
were  more  closely  related  to  animals  than  to  planla.     Ua 
ElnhniiiJl'i  ■  Jahr^iiiahcr,'  B»nd  olni.  S.  i05,  1S"S, 
"  ICtuJfl  aur  la  niKlmlis  rliarlioniiRiiic /'  jiir  MM,  I'Mtciur  et  Joull 
Comi'lM  Humlui,"  t.  lxiii»,  p.  IKjO.  IS77. 
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t  himself  that  they  were  found  in  the  blood  during  life ; 
lint  they  developed  in  this  flaid  and  not  in  the  fipleen;  in 
f»ct,  he  had  been  able  to  transfer  the  organisms  to  animals 
whose  spleen  had  been  removed.  He  also  ascertained  that 
bacteridta  sre  not  found  in  fcetal  blood,  althoogh  the  blood  of  tlie 
mother  and  of  the  placenta  was  crowded  with  them.'  The  disease 
was  found  to  be  communicable  with  the  food  by  mixing  with  it 
tome  of  the  tissues  of  diseased  aaiutals;  the  effects  were  less 
rapidly  induced,  but  the  blood  became  eijuslly  affected  with 
bMtmdia.  He  refuses  to  accept  the  doctrine  of  identity  of  the 
poiaon  of  septicsemia  and  charbon,  on  the  grounds  (1)  that  the 
■Toptoms  produced  by  inoculating  animals  with  putrefying 
blowl  are  not  constantly  the  same,  and  that  bacteridia  do  not 
develop  in  the  circulation  of  the  affected  animal ;  (t)  that  ani- 
mala  which  have  swallowed  fragments  of  putrefied  li.'sue  rarely 
died;  and  (3)  that  animals  which  had  swallowed  fragments  of 
tbe  fresh  tissue  of  animals  which  had  died  of  septicaemia  had 
been  in  no  way  affected.  He  therefore  concluded  that  ihe  active 
principle  of  septica:inia  was  not  regenerated  in  the  animal  economy, 
ts  in  the  case  of  charbon,  the  tatter  in  fact  being  a  virus  and 
tiie  former  upoiton.^ 

In  the  following  number  of  the  '  Comptes  Rendus '  (p.  429}, 
MM.  Davaine  and  Raimbert  announce  that  they  had  demoD- 
sinted  the  existence  of  bacteridia  in  a  man  afficted  with  piututa 
maliffne,  the  eicised  pustule  having  contained  a  great  number.^ 
Portions  of  this  pustule- tissue  havitig  being  introduced  beneath 
the  skin  of  some  aoimali),  the  latter  succumbed,  and  after  ileath 
their  biood  was  found  to  contain  a  considerable  number  of 
iMcteridia. 

Such,  in  a  few  words,  were  the  observations  which  drew  tbe 
special  attention  of  pathologists  to  this  question,  and  gave 
narked  impetus  to  the  doctrine  of  disease  germs.  Since  this 
line  very  many  observations  have  been  recorded,  but  those  of 
the  past  two  or  three  years  have  been  particularly  valuable  from 
the  drcumst&Dce  that  distinct  parts  of  the  subject  have  been 
D  Dp  by  observers  |>eculiatly  qualified  to  deal  with  the  different 
»  of  the  extremely  complex  phenomena  which  come  under 

a  Rendin.'  t.  Ih.  p.  393,  \Mi. 
1.  Oil  p.  3<J0.     A*  «iil  BUbsequeiitlj  be  tern,  some  uf  tliCM  condu- 
.  c  au  \utiif,er  icmtlile. 

k.  Cmp  wriUi  t  ■'  As  I  dftcrihrcl   in  my  work  on  tlie  ipleen  (1SS3), 

mU,  [rml*  uiii  |iigs,  that  bIe  Ibe  flcali  of  tlic»c  aninMli,  di«d  in  a 

-'-  -       '        I  that  flajed  tbe  oicn  were  affr^eted.    In  1839  M. 

'    "^Mp  (rum  tlie  blood  of  •lin-p  that  ilini  of  iiilrnio 

od  aniiiuils  died  in  from  thirlr-sii  to  liily  hoars." 

w  retnark»  niaiie  regarding  Ibc  '  Genu  Tlicurv.'  at  the 

h  April,  IS7S. 
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['  sotice.     In  the  first  instance,  notice  will  be  taken  of  tlie  principal 

I  obaervations  which  are  considered  to   give  support   to   MM, 

'  DavBine  and  Paat«ur's  views. 

In   1S75   Professor  Ferdinand  Cohn  published  the  result  of 

t  Iiis  examinations  of  these  organisms,  and  having  pronounce^ 
tiiem  to  be  bacilli,  sugiiested    that  they  should  bear  the  nama 

I  Sacilltu  antArac't'  This  term  has  bi'en  generally  adapted  ui> 
Onrmany  and  England,  as,  nutwithstanding  the  theory  implied 
in  both  words,  it  is  convenient  to  have  some  such  brief  designs^ 

,  tioo.     Cohn's  figure  of  this  bacillus  is  reproduced  (fig.  2),  aa  % 


d 


.   Jis.  9. — SacilJui  anlhnieii,  obtained,  after  death.  In  the  blond  nf  an  ox 
wliich  had  died  of  splenic  diseue.     (After  Cohu.)     x  600  diam. 

graphic  representation  from  the  hand  of  so  accomplished  a  my- 
cologist  is  of  special  value,  and  will  serve  lo  aid  in  forming  an 
estimate  of  the  relation  of  these  organisms  to  others  found  under 
other,  though  somewhat  similar,  conditions. 

In  1876  an  important  contribution  to  our  knowledge  of  these 
onanisms  was  published  by  Dr.  Koch,  of  Wollstein  (Posen), 
who  had  had  excellent  opportunities  of  studying  the  disease.* 
Koch  bad  observed  that  several  of  the  statement^  and  conclusions 
of  M.  Davaioe  had  been  called  in  question.  Some  observers 
had  been  able  to  induce  fatal  charbon  by  inoculating  animals 
with  bacteridial  blood  without  obtaining  any  bacteridia'  in  the 
blood  of  the  animal  thus  affected,  although  the  latter  (bacteridia- 
free)  blood  had  also  induced  the  disease,  and,  moreover, 
given  rise  to  bacteridia  in  the  third  animal,  although  noue 
had  been  present  in  the  second.  Others,  again,  maintained  that 
the  disease  was  not  due  solely  to  contagion,  but  was,  somehow, 
dependent  on  the  soil,  seeing  that  the  disease  was  only  endemic 
in  moist,  swampy  districts,  valleys,  and  sea  coasts ;  and  that  the 
mortality  was  greater  in  rainy  years,  and  especially  during 
August  and  September,  months  in  which  the  temperature  of  the 
■oil  reached  its  highest.  These  circumstuices  could  not  be  es- 
'  Hfitrn^c  iiir  Biolocip  dpr  Pflanzen,'  Band  i,  Heft.  3,  187S. 
'Beilrui;e,'  Baiiri  ii,  lleft.  i. 
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_JnDed  on  Davaine's  supposition  that  the  organi^m^,  retaining 
%Mt  vitality  for  a  long  time  in  dry  air,  were  conveyed  by  air 
currents,  or  that  inoculation  was  efr«cted  by  insects,  and  so  forth. 
Kooh's  experiments  lead  him  to  believe  that  Davaine's  expkna- 
tioD  of  the  mode  of  propagation  of  the  disease  is  only  partially 
correct,  Ue  found  that  bacteridia-staveB  were  not  so  hardy  aa 
Davsioe  had  supposed.  Blood  which  contains  only  rods  will 
retain  its  property  in  the  dry  stale  for  but  a  few  Wfeks,  and 
when  moist  only  for  a  few  days,  llow,  therefore,  could  the 
contagion  remain  dormant  in  the  soil  for  months  and  years  ?  If 
bactcridia  had  anything  to  do  with  the  matter,  it  must  be 
uaumed  tliat  during  some  stages  of  their  development  they  were 
inert,  oi  that,  as  Cohn  had  suggested,'  retting  apore»  were  formed 
which  had  the  power  of  retaining  their  vitality  for  a  long  time, 
and  of  giving  rise  anew  to  bacteridia.  The  existence  of  such 
*pores  IS  what  Dr.  Koch  believes  he  has  been  able  to  demonstrate. 
Aa  this  qneation  is  a  very  important  one,  it  is  necessary  that  the 
evidence  adduced  should  be  submitted  to  careful  examination. 

The  experiments  of  Davaine  and  others  were  repeated,  mice 
having  been  foond  to  furnish  the  most  satisfactory  results.  The 
tail  was  seized,  and  a  small  portion  of  its  skin  being  abraded, 
a  drop  of  the  fluid  containing  the  bacilli  was  placed  in  contact 
with  the  small  wound.  Such  inoculations  proved  to  be  invaria- 
bly fatal  when  fresh  material  was  nsed.  In  order  partly  to 
ascertain  whether  the  bacilli  passed  into  some  other  form 
bj  succeesive  inoculations,  and  also  to  provide  himself  with  a 
cooaUuK  supply  of  fresh  material,  lie  inoculated  one  mouse  after 
attoUier,  the  last  mouse  supplying  the  material  for  its  successor, 
nrtil  eventually  a  series  of  twenty  inoculations  had  been  con- 
ducted ;  consequently  twenty  crops  of  bacilli  had  been  cultivated 
vitiioat  any  marked  change  in  their  character  being  noticeable.' 
The  pathological  results  were  always  of  the  same  character — en- 
lar(ffd  spleen,  and  motionlrti,  traitslucent  bacilli  (Hg.  3).  The 
latter  in  mice  were  more  numerous  in  the  spleen  than  in  the 
blood,  but  different  animals  showed  diffiTent  results  as  regards 
ibeir  distribution  in  the  tissues — the  blood  of  inoculated  rabbits, 
for  eaamplr,  being  often  so  free  from  them  as  to  be  traced  with 
difficulty,  though  the  spleen  and  glands  contained  plenty, 
whcrraa  in  guinea-pigs  the  nniuber  of  bacilli  In  the  blood  was 
oflen  so  great  as  to  equal,  if  not  exceed,  that  of  the  red  blood- 
curpcuclea. 

Oo  adding  a  little  of  the  spleen  nffected  with  bacilli  to  pcr- 

itly  (icsh  aqueous  humour  and  auhjicting  the  preparation  In  a 

'     )  of  Zb^l"  C.  for  from  15  to  20  hours,  the  hacllli 

rs  of  inoculstion:). 


I 
I 
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b«caine  elongat^ii  to  fNitn  tirice  to  eight  times  tbetr  original 
length,  and  gradnally  still  farther  incresMd,  titi  more  than  a 
hoadr^d  limea  this  Icuglh  {6g.  i).  Some  of  the  filaments  now 
were  finely  grmDlitr,  am!,  hei*  nDd  there,  dotted  with  Jtronglr 


J,  3. — Barillui  aitlhraeii  fiom  lli-e   hlood  of  a  quiiiei^pig.     Ttnnaluwiit 

bnciUus-rods  unilcr^ins;  scf^ientaibn.     Blond -cnrpuscles  nre  tcnt- 

tered  thronghout  the  field.    (Afier  Kocb.)     x  A50  dioiu. 

Fig.  4. — Baeillua  anlhracU  from  tlit^  spleen  ol  ■  mouse  sftei  a  lltrce-liaur 

"cullivBtiou"  in  a  drop  of  aqueous  humour.     (After  Eocli.)     x  G30 

refractive  molecules,  vhicb  are  believed  to  be  the  desired  "  reat- 
ing-8porc3."     A'ery  soon  nothing  remained  visible   but   tbeae 
'  spores,'  as  the  filament  appeared  to  undergo  solution,  bat 
persiftence  of  the  arrangement  of  the  former  in  rows  is  si  . 
cientl/  markeil  to  identify  theai.     Thejr  will  remain  unaltered 
this  state  for  several  weeks. 

It  will  be  remarked  that  the  interpretation  placed  on  the  cha< 
racter  of  these  refringent  bodies  clashes  with  what  is  so  strongly 
maintained  by  Nageli,  who,  as  mentioned  already,  declares  i 
pliaticalty  that  the  group  of  lower  organisms  to  which  these 
long  multiply  »oUlv  by  fission.  It  is,  therefore,  of  greater  im] 
taiice  to  note  precisely  what  the  facts  adduced  are,  to  ur 
in  this  special  instance  germinating  sporet  are  produced. 

Dr.  Koch  states  that  the  fact  of  his  being  able  to  induce 
splenic  fever,  together  with  a  plentiful  crop  of  bacilli  in  the 
blood,  M'ith  lluid  in  which  not  a  trace  of  bacillus  filament  is 
any  longer  to  be  found — the  minute  refractivi 
'  ^,  is  proof  sufficient  to  show  tbi 
sparet,    and    not    products    of    ( 


em- 
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reljr.       CultivBtion-ex  peri  merits  were,   however,   also  undeiv 

ien,  aud  it  was  found  that  in  the  course  of  3  to  4  hours  the 

Bvclopment  of  these  bodies  could  be  observed  under  suitable 

nditious.     On  careful  examination  each  '  sjKire '  is  seen  to  be 

I  ovaUflhaped  body  embedded  in  a  trausluceut  substance  whieh 

»n  to  sufruund  the  former  in  a   ring-like  fashion,  but  is 

1  to  be  in  realilj'  spfaerical,  ou  being  rolled  over.     Thii  aub- 

>ee  loscfl  Its  epberical  form  and  becomes  elongated  at  one 

I  in  Ihe  direction  of  the  long  axis  of  the  contained  '  ^jiorc' 

latter  remuina  at  one  eud,   and  very  soon  (he  translucent 

sumes  a  fllameutous  as)>ect  and,  contemporaDeously,  the 

'  becomes  less  refringent,  pale,  and  small,  and  possibly 

I  down  into  fragments,  until  it  eventually  disappears  com- 

||ldj.'     Dr.  Koch's  tigure  (fig.   5),  representing  the  various 

jof  the  supposed  germination  process,  is  reproduced. 


0^, 


Fie.  6. 
>.  S. — Btcilhu  anliradi: 
X  6B0  diam. 

—Badltm   aitiiracu; 
X  ICSU  diam. 


Qermuialioo  o[   lbs    spores  (after   Eocb). 
QermiDfttioQ  of   tbe  spores  (after  Cohu). 


^r-  ^^  interpretation  of  what  occurs  is  made  particularlv  im* 

EDrtant  from  the  fact  that  it  has  been  resorted  to  very  lately 
y  M.  Paslrur  to  account  for  the  circumstance  that,  although  it 
lua  hrr.a  pruved,  beyond  all  reasonable  doubl,  that  splenic  fever, 
togclfarr  with  blood-bacilli,  may  be  induced  by  inoculation  with 
viina  after  the  total  destruction  of  the  filament-bacillus  which 
Uw  morbid  material  had  contained,  yet  because  the  '  spores ' 
nnuuned  (it  would  seem  that  they  are  considered  nearlr  inde- 
nctible)  the  virus  had  relained  its  jiroperty — the  '  sporea '  in 
t  bdnit  the  viru». 

i'rofewor  Cohn  favoured  Dr.  Koch  with  a  sketch  of  ihc  same 
intal  proccan  ns  seen  utrIf r  a  higher  power.  This  tigure 
noduccd  fur  purpuses  uf  comparisun.  Koch  suggest* 
ibly  the  '  spore '  consists  of  a  strongly  refractive  sub- 
_  irikably  oil,  which  is  enveloped  by  a  tbin  layer  of  pro- 

—the  latter  bring  llie  substance  capable  of  germination, 

and  tbe  former,  perhaps,  serving   aa  nourishment   during  tlic 

'  Loc.  cit.,  p.  aso. 
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jBffmiiBtfnig  process.  The  foregoing,  according  to  various  writersi 
:nwawDi3  the  complete  cycle  of  development  undergone  by 
3aetiltu  aaUkrfieit. 

Dmvaine^  it  will  be  recollected,  had  found  that  animals  eating 
xOaoiBed  tissues  mixe^  up  with  their  food  became  themselves 
jdvcted,  and  he  believed  that  the  spread  of  the  disease  could 
Qau»  to  some  extent  be  easily  accounted  for.  Koch^  on  the  con- 
onrv,  finds  that  animals  very  susceptible  to  infection  by  inoca- 
IftCiott»  such  as  mice  and  rabbits,  may  devour  such  a  mixture  with 
tmpumty.  Attempts  to  inoculate  two  dogs,  a  partridge^  and  a 
spurcQw,  proved  fruitless. 

The  latest  contribution  which  has  been  made  towards  this  in- 
quirv  is  from  the  pen  of  Dr.  J.  Cossar  Ewart.^  Dr.  Ewart 
coit^rms  Dr.  Koch's  experiments  in  many  points,  and  his  descrip- 
lioa  of  the  development  of  the  rods  into  filaments  [fig.  7,  and 


-•   ^ — 


^s^   7   -.5\/L*rVaw  anthracis:  Rods  undergoing  segmentation  and  lengthen- 

•M  '   ii-.o  A  tl'ji:neut  (after  Ewart).      x  ?  diam. 


^.i' '   Corresponds  with   that  of  previous  writers ;  but  his 
u.v-criLU:oii  and  tigures  of  the  germination  of  the  'spores'  are 


•  1..       N 
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^'..  >  !<u.'t.".ts  jHthracis  :  (n)  A  filament  containing  spores,  becoming 
;i.i-u.  .11-  ,u  one  eiki,  aud  showing  transverse  lines  between  the  spores; 
^••'  ;\t". i.  o:  A  tldnieiit  coutaiuiug  a  spore  in  process  of  division;  (c) 
^u»\v^  •  :\v'  vi-.Jerciii  slaves  through  which  a  spore  passes  in  its  develop- 
uu.u  .-i.o  A  ivM  ^at'ter  Ewari^.      X  ?  diam. 

..',.4.  \  vi  iu'ivut.  **  The  spores/"  writes  Dr.  Ewart,  "  when  free, 
s^voio!!»*;  iv»  previous  observers,  at  once  grow  into  rods,  and, 
Jv^u  '*»  l>r.  Koch  at  least,  the  rod  is  formed  out  of  a  gela- 

i  C'uvclopc  surrounding  the  spore.     My  observations 

ihtual  of  Microscopical  Science,'  April,  1S7S,  p.  161. 
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l«ad  me  to  believe  that  the  spore  does  not  always  at  once  grow 
into  B  rod,  but  that  it  divides  into  four  sporules  hj  a  process  of 
dtylsion,  in  which  the  envelope  as  well  as  the  spore  takes  part. 
Thia  division  I  have;  seen  beginning  before  the  spore  escaped 
from  tbc  filanietit  [fig.  8  (b)1,  and  that  Jt  is  not  a  degeneration 
is  certniii,  Tor  I  have  Hatched  the  sporules  thus  foriued  lengthen 
into  rods  [Bg.  8,  {c)].  JJr,  Koch  stales  that  the  rods  are  deve- 
loped from  the  gelatinous-looking  capsule,  and  not  from  the 
bnglit,  shining  rpore.  From  what  I  have  seen  I  think  there 
eui  be  no  doubt  whatever  that  the  capsule  takes  no  active  part 
dating  the  formation  of  the  rod.  The  sporule  thus  slightly 
elongatec  (fig.   9),  and  then  from  one  of  its  poles  an  opaque 
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Vnt.  9. — Baeilliu  anlhracii :  4  sporule  Jevelopiog  into  a  rod  (after  Ew*rt). 

praoe-ss  appears,  which,  as  it  slowly  lengthens,  pnshes  the  cap- 
sale  before  it,  as  it  would  an  elastic  membrane.  The  capsule,  aa 
thia  BtRtching  goes  on,  becomes  at  last  so  thin  and  transparent 
thitt  it  can  no  longer  be  distinguished  from  its  contents." 

It  is,  1  think,  eitremely  probable  that  MM.  Cohn  and  Koch 
may  suggest  as  an  explanation  of  the  discrepancy  between  their 
description  and  figures  and  those  given  by  Dr.  Ewart,  that  the 
latter  has  described  and  figured  the  spore  (or  conidium)  of  a 
totally  different  plant,  accidentally  present;  and  MM.  Nageli 
and  de  Bary  would  (in  the  absence  of  eiact  data  as  to  size),  in 
ftU  probability  pronounce  the  germination  depicted  in  the  last 
figure  reproduced  as  being  tliat  of  a  conidium  of  one  or  other  of 
our  ubiquitous  moulds. 

Iiike  Koch,  Dr.  Ewart  found  that  mice  could  be  fed  with 
•plcnit^-diKcase  material  mixed  with  their  food  without  any  evil 
effects  ensuing,  and  ihat  "  the  spores  may  be  found  in  the  ali- 
meutary  canal  of  such  mice,  sometimes  as  if  in  process  of  develop- 
ment into  rods  and  filaments."  With  reference  to  the  Ust 
remark, »  person  constantly  engaged  in  microscopic  work  may 
queNtion  whether  it  is  possible  to  distinguish  these  glittering  free 
'  spores'  from  the  myriads  of  other  glistening  mulecules  found 
IB  the  intestinal  canal  of  all  animals. 

tntrery  to  the  results  hitherto  obtained  and  published  by 
'-  '"a  sujiport  of  llic  view  that  Baciilut  amlAraeu  it  itdelf  the 


of  JSTSEs.'  CinmnriBnig  zajs  -xmsani  msa  vfcsck  Ac  swpcNrten 
of  ^  zrm  tfuccznofr  laii  joaezrv  beoi  AxrcB  br  tlior  ante- 
pumfQ.  ihe  mniiixniassnmc  iiaitt  libuve  iqtftiKug  tkr  inntiMity 
of  she  *  spocer  wdl  le  unraimne^  jod  aaae  tbr  leii  ao  bj'  the 
nnnffcmre  oc  xs  iornuc  besL  nade  br  one  of  their  ram 


A  fev  nssB  aopi  VmA.  P.  B«R  aaimmicgil  Aii  be  bid 
tiQ&ed  ck^  eooi^aKii  oxj^m  cagoiLy  iSla  all  Kvnig  beings  and 
tiBvaesw  He  3aui  paid  acecol  ac^cnsaoa  to  ftiBKBUi  in  the  in- 
iwtigitinBa  wiikk  ke  Etad  cmdneced,  and  bad  "•■■^*^  hmiif>1f 
tiuK  mek  of  Ui£  faaisLiatasiL  ptoccjKJ^  »  were  dependent  on 
hrzTis  =i::rr  ▼*?•  :x7Tt?TrAi:elT  ^csrrec'feti  wfera  subjected  to  this 
•.zji ^rz-z-ir .  Ti-rrii  '.  1  z?^  "TrTii'fzur. .- 5  ▼ii-:!!  wrre  dae  to  some 
ELi:.rr-i.  11  *'.--::  ;z  *~:i  i5  i_lj:j:5c.  rizcr^itir.e.  mvrosine, 
em-^?Ji*e.  i:.:  .  w-rr  iz  i-:  -f-ij  ir-ctci.  He  :":i^::  :-jj'iied  his  atten- 
I'.'.z.  :■:  't-r.x^  !•::>:-?  j«f:r::ei  Ji  :.fil:~    :r   i:?ei*e  in  animals^ 

Tr.r:  Tcz:z:  ::  '.ir  ?c:r  ::".  -^letifr  li-.^^.i  cr  dried  and  re- 
G:-^:-Vci  :z  "s^ater.  rr^ij'.rC  :j:-r  i,:::^  ■::  compressed  oxvgen, 
2*  wii  r.i::r:tci.  s.lc^:  ::  :■»■::*  ::s  ic::v::v  lo  a  chemical  substance 
aicn  :..  :ie  ve^'r'.ib.'r  a.-Liloiis.  Fresii  ^l^viid  vaccine  matter 
Wi-  sibrL-tr-r :  :::  a  ifrek  to  the  iction  of  compressed  oxvgen, 
ar.-^J  ?t:.i  nrtaiurd  its  p:wer  ULiimicished.  Pas  from  a  case  of 
crljind-rrs,  after  beins  suVjected  to  similar  treatment,  rapidly 
kiiied  a  horse  icocahted  with  it ;  hence  M.  Bert  infers  that  the 

*  Sicce  this  ^2Li  wr:::eL  I  Live  cbserred  that  A.  Frisch  had  on  three 
occasions  seen  ini^renicL:  Lv:veL.eL:<  of  irie  stares  of  Baallus  anthracit 
in  blood  obtained  iiiir:.e.i:ate.v  after  :..e  dca'hof  the  animals,  *  Ceutralblatt 
fiir  die  wissensch.  Meaicin,'  April  7,  1^77,  p.  247. 

'  Since  thi<  was  in  tjpe  a  Lote  Las  appeared  in  the  *  Comptes  Rendus/ 
lolh  July,  1^7S,  whicn  con.^rms  this  t-bsenration.  M.  Feli  found  that 
compressed  oxv^en,  if  applied  for  a  sufficiently  lou^  period,  killed  the 
** germs"  as  well  as  the  *'  vibrions  "   of  septic  solutions. 

*  *  Comptes  Rendus/  t.  Ixxxiv,  p.  1130,  May,  IS 77. 


MICBOrHVTEl  rOUKD  IN  TSK   BLOOD. 

activT  princiuls  in  vaccine  and  in  glanders  is  not  a  living  being 
or  living  cell, 

M.  Hcrt  then  exposed  some  blood  from  a  case  of  splenic  fever 
(in  which  were  inyriuds  of  bacilli)  to  the  acttuii  of  compressed 
oxygen,  and  found  that,  although  the  blood  had  beeu  exposed  in 
rerj  thin  layers,  it  had  retained  its  virulent  properties  intact,  as 
wiu  proved  bj*  its  having  killed  several  guinea-pigs  inoculated 
one  [roin  the  other,  but  the  blood  of  these  animals  did  not  contain 
bacilli. 

lie  submitted  some  other  charboa  blood  containing  numerous 
bacilli  to  further  examination.  Some  absolute  «lcohol  was  very 
cautiously  added  to  it,  drop  by  drop,  until  the  volume  of  the 
original  fluid  was  (juHilrupted,  and  the  mixture  thus  obtained 
waa  filtered.  The  coagulum,  wcU  washed  in  alcohol,  was  rapidly 
dried  ti«  caeuo.  A  fragment  of  this  dried  material,  on  being  in- 
«<-rtrd  beneath  the  skin  of  a  gulsiea-pig,  killed  the  animal  in  less 
than  twruty-four  hours.  The  blood  obtained  from  this  animal 
pruTcd  fatal  Un  another  guinea-pig,  as  aUu  to  a  dog.  Inocula* 
tiooa  were  condiicti'dfrom  one  animal  to  another,  but  the  virulent 
blood  of  none  of  these  animals  contained  bucilh. 

M.  Bert  went  still  further.  A  watery  solution  was  preiHtred 
(bj  exhaustion)  of  the  alcoholic  precipitate,  and  having  satisfied 
bicDself  that  this  liquid  contained  the  active  principle  in  solution 
(for,  on  the  addition  of  more  alcohol,  a  white  Hocculeut  precipi- 
tatr  WB«  induced),  three  successive  inoculations  of  guinea-pigs 
were  conducted.  Tliis  rather  severe  treatment,  however,  had 
manifndy  diminished  the  virulence  of  the  material,  as  inoculation 
was  not  anccessfol  beyond  the  third  animal,  and  the  material 
proved  too  weak  to  kill  a  dog. 

From  these  observations  M.  Uert  concinded  that  the  blood  id 
ileNto  Eerer  contains  a  tuxic  and  virulent  principle,  which  resista 
action  of  compressed  oxygen,  and  can  be  isolated  in  the  same 
Banaer  as  diastase. 

Tbne  observations  had  been  published  in  an  abbreviated  form 
prerioat  to  their  being  submitted  to  the  Academy.'  M.  Pasteur 
Dad  pnKuptly  taken  up  the  Hubject,  and,  as  be  himself  Has  not 
Trtsad  in  ibe  medical  and  veterinary  arts,  had  associated  himself 
with  H.  Joubrrt,  of  the  College  Rullin,  for  the  purpose  of  more 
■attabctorily  dealing  with  the  mutter.  Their  joint  paper*  was 
pabliabed  a  few  weeks  before  the  publication  of  the  dflaiU  of 
H.  B«n**  experiments;  it  was  their  remarks,  indeed,  which  led 
to  the  Utter  bemg  published.  Thry  obtained  charbon  blood,  and 
s  cullivBtioiis  of  it,  transplanting  it  from  vessel  tu 
animal  to  animal.  Outside  the  body  it  wi  ' 
Rendu  de  U  Suciuij  <le  Dioltutiti,'  JuiiuKry,  ISi 
U«nJu»,'  t.  Uiuv,  p.  »U0,  Aptil,  1H77. 
XBW  RKR.  B  B 
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that  almost  any  fluid  adapted  to  the  noarishmeiit  of  minnte 
organisms  was  suitable  to  the  cultivation  of  the  bacilli — ''  one  of 
the  best  and  most  easily  obtained  in  a  pure  state  being  urine 
made  neutral  or  slightly  alkaline/^  In  this  way,  it  is  affirmed^ 
poisonous  bacilli  could  be  prepared  by  the  kilogram^  if  required, 
m  the  course  of  a  few  hours.  When  the  material  was  filtered, 
the  cleitf  fluid  was  found  to  be  inert,  even  though  from  ten  to 
eighty  drops  were  taken,  whereas  a  single  drop  of  the  same  un- 
filtered proved  fatal  to  the  inoculated  animal;  hence  it  is  inferred 
that  the  organisms  were  left  behind  on  the  filter,  and  were  the 
cause  of  their  death  J 

The  foregoing  paper  was  followed  by  another  in  July,  1877,* 
by  the  same  authors,  in  which  it  is  stated  that  they  had  repeated 
M.  Berths  experiments,  and  found  that  he  was  perfectly  correct 
as  to  the  destruction  of  the  bacilli,  and  of  the  poisonous  property 
of  charbon  blood  at  a  certain  stage  under  the  influence  of  com- 
pressed oxygen,  and  that,  too,  even  with  but  a  moderate  amount 
of  pressure;  but  that  when  the  bacilli  had  proceeded  to  the 
,  formation  of  spores  they  withstood  the  heat  of  boiling  water,  the 
prolonged  action  of  absolute  alcohol,  as  also  the  mfiuence  of 
compressed  oxygen  (=10  atmospheres  for  21  days).  The 
'spores,'  therefore,  are  most  remarkable  organisms,  seeing 
that  they  withstand  influences  which  are  destructive  to  every 
other  form  of  vegetable  or  animal  life.  True,  "  invisible  germs" 
are  accredited  with  this  marvellous  power,  but,  as  yet,  these 
'  spores'  are  the  only  visible  bodies  for  which  such  persistent 
vitality  has  been  claimed  by  eminent  authorities.  Now,  how- 
ever, that  it  has  been  shown  by  Dr.  Cossar  Ewart  that  they  are 
not  more  exempt  from  "the  tendency  to  death''  than  other 
organisms  of  a  like  kind,  seeing  that  they  can  neither  withstand 
tlie  action  of  compressed  oxygen  nor  boiling,  it  is  probable  that 
MM.  Pasteur,  Koch,  and  their  adherents  will  apply  the  doctrine 

*  A  similar  result  was  obtained  by  M.  Ouimus,  but  the  interpretation 
was  very  different.  M.  Onimus  found  that  if  the  blood  of  an  ox,  horse,  or 
person  suffering  from  "  typhoid  fever,"  be  placed  in  a  dialyser,  and  the 
latter  placed  in  distilled  water  at  a  temperature  of  35"^  C,  a  prodigious 
quantity  of  organisms  would  appear,  identical  in  appearance  with  those  in 
the  putrefying  blood.  But  whereas  all  the  animals  which  were  inoculated 
with  a  drop  of  the  blood  contained  in  the  dialyser  died  in  a  short  time, 
those  which  were  treated  with  the  dialysed  material  (though  crowded  with 
organisms)  were  unaffected.  The  same  result  followed  when  putrefyinj^ 
blood  from  a  rabbit  was  subjected  to  similar  treatment.  Hence  M.  Onimus 
infers  that  the  poisonous  material  is  an  albuminoid  substance,  and  therelore 
not  dialy sable  ('Bulletin  de  la  Acadeniie  de  Mcdecine,'  March,  1873. 
Cited  by  M.  Ch.  Robin  in  *Le9ons  sur  les  Humeurs,'  p,  251,*  1874). 
Clementi  and  Thin,  Schmitz,  Bergmann,  and  others,  have  obtained  more  or 
less  similar  results. 

^  *  Comptes  Rendus,'  t.  Ixxxv,  p.  101. 
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Kpre»ent  fashionable,  and  aver  that,  (hough  the  "  fipores"  maj 
tie  clexil,  their  invisible  germs  still  live,  and,  under  favorable 
circuiDitances,  will  reappear. 

With  the  foregoing  explanation  as  to  the  diflerence  between 
fancilti  and  their  '  spores,'  in  their  power  of  withManding  agencies 
nrdinnrily  deslnictive  to  life,  M.  Pasteur  was  able  to  convince 
his  furuier  popil,  M.  Brrt,  of  the  cause  of  the  discrepancies  in 
their  respective  results,  and  this  the  more  readily  from  the  cir- 
cnmstance  that  when  a  little  of  the  drie<l  alcoholic  precipitate  of 
charbon  blood  was  placed  in  urine  the  lluid  not  only  manifested 
virulent  properties,  bat  also  gave  rise  to  a  plentiful  crop  of 
bacillus- filaments  identical  in  appearance  with  those  which  had 
existed  in  the  blood  previous  to  its  being  treated  with  alcohol. 

It  does  not  st^rn  to  have  occurred  either  to  M.  Pftstcur  or  'o 
M.  IV-rt  that  under  certain  circumstances  the  addition  of  any 
dried  orgiinic  sub!<tanc«  to  suitable  urine  would  probably  be  fol- 
luwed  hy  a  crop  of  bacillus.  Indeed,  it  not  unfrequently  happens 
that  such  a  crop  may  be  obtained  without  inteutionally  adding 
any  thing. 

Whilst  this  paper  was  in  preparation  it  occurred  to  me  to 
place  such  a  sample  of  urine  uniler  different  conditions  as  to 
truiiH-rature,  &c.,  and  to  carefully  observe  the  results.  Some 
•[■cumena  were  made  slightlr  alkaline,  others  made  neutral,  and 
others  ajrain  left  nntouchea.  All  the  specimens  were  kept  at 
temperatnres  varying  from  35°  to  40°  C.  (95°  to  101°  Fahr.), 
and  it  was  found  on  the  following  day  that  nearly  half  the  speci- 
imrns  were  coaled  with  a  thin  pellicle  consisting  of  bacilli  in  all 
atagn  of  development,  the  spore-stage  included,  notwithstanding 
that  considerable  care  had  been  taken  to  keep  out  particles  and 
forfign  matter  of  every  description.  These  appearances  are 
familiar  to  all  who  have  devoted  much  attention  to  microscopic 
stnilirs.  It  need  hardly  be  added  that  organisms  thus  oblaimil 
would  produce  uo  effect  on  animals  if  freed  from  the  decomposed 
urine. 

Z.—Tie  Fegetahle  Organtmu  in  Seplica-mia. 

Tlie  belief  that  septicemia  ia  produced  by  organisms  belonging 
to  the  lower  group  of  fungi  has  had  almost  as  many  adhrreiits  as 
the  doctrine  just  considered,  and  tiie  literature  in  support  of  it  is 
ereo  iDorr  rxtensive.  The  virus  secreted  by  animals  suffering 
tnm  this  disease  is,  when  transferred  to  the  circulation  of  other 
■iiiimJ*,  aafatal  in  its  results  as  that  of  charbon.  It  csn,  mor»- 
orrr,  be  tnuuferred  from  animal  to   animal  ■  almost  indrtinitely. 

■  OWrvation*  lllaatntive  of  this  bav-e  Ion;;  been  known.  Ilimont,  for 
naaple,  la  1&37,  injrcted  msller  rroni  a  gan|i;re&uuB  iibecT»  Uom  une  hnne 

■Utar,  ml  imn  llw  laooulaled  Uorae  to  a  wicoud  tiuree,  ud  fuupj 
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The  symptoms  induced  by  »uch  iaoouUtioa  are  frequentty  no  tptt 
like  those  witDessed  in  splenic  fever  tliat  it  ia  often  iinpomible 
satisfactorily  to  distinguish  them.  There  is,  however,  tfaii 
marked  distinotiou,  numely,  Umt  wherens  the  prcserioe  of  organ- 
isms in  the  blood  before  death  is,  to  tt  greuler  or  less  extent,  the 
rule  in  what  is  known  as  charbon,  it  ia  the  exception  iu  septic 

fioixoning.  The  fluid  exuded  into  the  peritoneal  cavity,  and 
requently  also  into  the  pericardial  sac,  is  pecnlinrly  prone  to  ^vo 
rise  to  the  development  of  various  forms  of  tission-fungi,  and  the 
abundance  with  which  they  are  sometimes  found  very  aiiortly 
after  death  has  given  rise  to  the  doctrine  that  they  were  Ibe 
initiatory  agencies  by  which  the  fatal  results  were  produced. 

The  publication  of  Punum's  experiments,  which  wuit  to  show 
that  the  active  morbid  principle  in  such  lluids  cuuid  not  -by  any 
itoBsibility  be  vitalised,  served  for  a  time  to  diminish  the  popu- 
larity of  such  views,  but  they  have  since  been  revived  aiicain  and 
again,  and  never  with  a  greater  show  of  circumstantiality  thna 
has  recently  been  the  case  iu  a  paper  submitlt^d  by  MM.  I'nslfar 
and  Joubert  before  the  French  Academy.  This  pajier,  nolwilh- 
Etuuding  that  it  exceeded  the  prescribed  length,  was,  on  account 
of  the  importance  attached  to  it  by  the  Academy,  published  i« 

The  paper  deals  in  the  6rst  place  with  M.  Ilert's  experiment, 
and  explains  the  discrepancies  between  M.  Hurt  and  M.  Davaine's 
results  in  connection  with  charbon-blood,  as  already  deaeribed. 
But  it  goes  further  than  this,  II  will  be  recollected  that  the 
toxic  material  submitted  to  exiwrimmts  by  M.  Bert  did  not  give 
rise  to  bacilli  in  the  blood,  although  its  virulent  propi-rties  were 
must  marked,  and  the  possibility  of  inocutsting  the  ditieaac  froia 
animal  to  animnl  without  bacilli  was  quite  as  manifest  as  in 
charbon-fluid  crowded  with  them.  Similar  rei^ults  have  been 
published  by  many  observers ;  for  iustance,  M&{.  Jaillard  and 
Laplat  did  so  very  soon  after  Dr.  Davaine's  paper  was  read  in 
ISdS,  and  formulated  their  conclusion  in  this  wise:  {\)  charbon 
is  not  a  parasitic  disease;  (2J  the  presence  ofbacteridia  ia  to  be 
considered  as  an  epi- phenomenon,  and  not  as  a  cause;  and  (3) 
that  the  fewer  bact«ridia  the  blood  in  lang  de  raU  contains,  the 
more  virulent  it  is.  It  thus  became  common  to  hear  of  casoa 
of  charbon  with,  and  cases  without,  bacteridia. 

Davaine  haa  also  shown  that  the  virulent  properties  of  the  vims 
of  septicstmia  manifest  a  marked  increase  when  transferred  from 
animal  to  animal.  It  had  been  found  that  after  twenty-five  such 
successive  inoculations,  a  millionth,  and  even  a  billionth  or 
tliiL  death  rctulteil  with  iirrtty  much  llie  Mnie  BTmiiliitni  in  bolli  catea.-~ 
MM.  Cose  inil  Fclii:  in  '  Uii  AUInliw  Inf.-eiiBuiiu*/  ji.  58.  ia:ii.       

>  ■  OompU*  Kcfldu*,'  I.  Uxxv,  |>.  ]01,  16[li  July,  1977. 
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^Miontb,  part  of  the  original  poison  was  sufficient  to  produce 
drsth.  Rabbits  were  found  to  be  very  susceptible;  guinea-piga 
»()uiewhst  leaa  so.  Bats  were  found  to  be  capable  of  reaiating  a 
coDsiderable  qnaDtity.  It  was  alao  observed  by  Davaiue  that 
decomposing  olood  lost  its  virulent  properties  when  exposed  to 
the  air  in  a  few  davs ;  out  of  27  animals  inoculated  with  1  to 
T-;,„th  of  a  drop  of  olood,  which  had  stood  from  1  to  10  days,  12 
died,  whereas  out  of  S6  animals  inoculated  with  like  material 
which  had  stood  from  11  to  60  days  only  1  perished.' 

M.  l*as[«ur,  bearing  in  mind  the  difference  between  bacilli  of 
charboK  and  their '  spores'  as  regards  tenacity  of  life,  determined 
to  ascertain  whether  a  similar  condition  did  not  exist  in  septi- 
cipmia,  Tbree  animals  which  had  died  of  cbarbon  were  examined 
— a  vheep,  dead  6  hours ;  a  horse,  dead  20  to  24  hours ;  and  a 
cow,  dead  over  48  hours.  The  blood  of  the  sheep,  which  had 
only  recently  died,  contained  charbon-bacteridia  only  ;  that  of  the 
horso  bacteridia,  together  with  "  cibrion*  de  pulrefiiction  ;" 
whercan  that  of  the  cow  contained  onl^  "  vibrions  "  of  the  kind 
Urt  mentioned. 

Inoculations  with  the  blood  of  all  three  animals  were  followed 
by  death.  The  autopsies  (conducted  immediately  after  death]  of 
the  guinea-piga  which  had  died  after  inoculation  with  material 
from  the  Iwo  laat-mentioned  animals,  revealed  extensive  inflam- 
mation of  the  muscles  of  the  abdomen  and  bmbs,  with  accumu- 
lations of  gas  here  and  there,  the  liver  and  lungs  discoloured,  the 
>|ileen  normal  in  size,  but  often  diffluent,  the  blood  of  the  heart 
not  coagulated,  although  this  characteristic  was  more  evident  in 
the  li«pr — quite  as  evident  as  in  any  case  of  charbon.  Strange 
toaay,  writ«8  M.  Paateur,  the  inflamed  muscles  contained  mobile 
"  vibriona ;  "  these  were  still  more  numerous  in  the  scrosity  of  the 
abdominal  cavity,  and  some  of  them  were  of  great  length.*  A 
drop  of  this  fluid  would  rapidly  kill  an  inoculated  animal,  but 
ten  or  twenty  had  no  effect  after  it  had  been  filtered.  The 
'  vibrioDB '  are  not  found  in  the  (ili>od  till  after  or  very  shortly 
before  dntb,  and  such  blood  is  said  to  manifest  no  virulent 
prapnrtiet  if  tsken  direct  from  the  heart  without  contamination 
with  the  tiMues  outside  it. 

*  "  Isocalation  dr  la  matiirc  seplinue,"  'Bulletin  da  1'A.cadiiiiie  de 
Olmbisi.'  SoraoibeT,  1878,  Jtmuarj,  1S73  ;  cited  bj  Birch .llinchf eld,  loe. 
dt..p.17S. 

*  M.  pHtcnr,  on  nottotng  Ibis  condition,  asks  why  it  is  that  a  circom- 
tfnM  *n  ifeae.nl  in  doalba  of  tliia  kind  bad  hitherto  escaped  notice ;  and 
n^ba  lo  tlie  qwcrj,  tliat  it  wu  dnubtlessowiDgtothcatlentionor  prtviou* 
uWium  baviiiii  been  devoled  aulelr  lo  the  blood.  It  mnis  itrangc  that 
X.  rsaitni^i  iprriiallTt''"''r'  eiillnburoleur,  tad  adviser  in  medical  mattcn, 
M  Ml  Marm  Urn  tfaat  tliis  vorj  ap{<varaiice  wm  about  ilie  liest  known  a( 

a  cbanctcriting  aeptio  poitauing. 
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The  movements  of  these  "  vibrions  "  were  stopped  on  snbjecting 
them  to  the  action  of  compressed  oxygen,  but  they  were  not 
killed^  because  on  coming  into  contact  with  the  oxygen  they  were 
transformed  into  corpimcles-germes,  the  '  spores '  of  Dr.  Koch. 
This,  it  may  be  remarked  in  passings  is  a  novel  and  rapid  method 
of  producing  reproductive  elements  in  plants. 

Not  only  do  these  ^'  vibrions  ^'  of  septicaemia  withstand  the 
action  of  compressed  oxygen,  or  rather  become  transferred  by  its 
action  froi^  perishable  filaments  to  apparently  imperishable  cor- 
jpuscles-germes,  but  they,  like  the  ^spores'  in  charoon,  also  with- 
stand the  action  of  absolute  alcohol.  Hence,  M.  Pasteur  infers 
that  septicaemia,  as  well  as  charbon,  is  caused  by  organisms — the 
parasite  of  the  former  being  mobile,  but  that  of  the  latter  not. 

It  will  be  more  convenient  to  analyse  these  results  hereafter. 

0. — Vegetable  Organisms  in  Pneumoenteritis — ^^  Typhoid  fever** 

of  the  Pig. 

In  February  of  the  present  year  Dr.  E.  Klein,  F.R.S.,  brought 
before  the  Eoyal  Society  a  portion  of  the  result  of  an  experi- 
mental inquiry  (which  had  been  conducted  for  the  Medical 
0£Bicer  of  the  Local  Government  Board)  into  the  etiology  of  a 
disease  sometimes  described  as  typhoid  fever  of  the  pig,  also  as 
hog  plague,  mal  rouge^  red  soldier,  and  malignant  erysipelas. 
Dr.  Klein,  however,  proposes  to  show  that  the  disease  is  not 
typhoid  fever,  nor  anthrax,  but  an  infectious  disease  of  its  own 
kind,  which  he  proposes  to  call  "  infectious  pneurao-enteritis  ^'  of 
the  pig  {PneiunO'enterUis  contagiosa)}  The  disease  appears  to 
present  considerable  pathological  resemblance  to  septicaemia  and 
to  charbon,  except  that,  as  regards  the  latter,  the  fresh  blood 
does  not,  as  a  rule,  contain  any  foreign  matter,  and  in  most 
instances  does  not  possess  any  infectious  property.  Of  five 
animals  inoculated  with  the  fresh  blood,  one  only  was  affected, 
but  tlie  specimen  of  blood  which  produced  this  retained  its  activity 
when  closed  in  a  capillary  tube  for  several  weeks.  The  peri- 
toneal exudation,  however,  always  contains  the  virus  in  an  active 
state,  and  solid  lymph  obtained  from  such  an  exudation  will,  if 
dried  at  about  38°  C,  prove  active.  This  accords  pretty  closely 
with  what  has  usually  been  observed  in  septicaemia.  Inocula- 
tion can  also  be  effected  by  means  of  portions  of  diseased  lung, 
intestine,  or  spleen,  as  also  with  the  frothy  sanguineous  exudation 
in  the  bronchi,  and  infection  may  take  place  when  the  virus  is 
introduced  directly  into  the  stomach. 

"Experimental  Contributions  to  the  Etiology  of  Infectious  Diseases 
special  reference  to  tlie  Doctrine  of  Contagium  Vivum/*  *  Quarterly 
ai  of  Microscopical  Science,'  April,  IS 78,  p.  170. 
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F  It  would  Bcem  that  like  organisms  were  discovered  by  Ldscring  ■ 
Boine  eighteen  years  ago,  in  apparently  the  same  affection  of  the 
pig  as  that  now  described  by  l)r.  Klein. 

Hr.  Fttlke,  in  referring  to  the  bacilli  of  splenic  fever,  and  after 

alluding  to  the  circu Distance  that  Selafoud  had  been  able  to 

induce  the  disease  in  other  animals  by  inocalating  them  with 

^„tb  of  a  drop  of  bacillus-hlood,  states  that  Leisering,  in  his 

'  J}ruden  Report '  for  1 860,  mentioua  that  it  is  quite  correct  that 

leh  banlli  are  found  in  the  blood  in  splenic  disease,  but  that  he 

'jeiaering)  had  also  found  that  they  were  present  in  four  pigs 

dlich  had  suffered  from  well-marked  typhus   (abdominal is)  with 

s  in  thf  intestines  and  swelled  follicles,'     There  is  no  indi- 

■tion  here  that  the  bacilli  seen  by  Dr.  Leisering  in  pig-typhoid 

iUTcred  in  appearance  from  those  svhich  he  bad  seen  in  chorbon ; 

a  the  contrary,  he  seems  to  assume  that  they  are  identical,  and 

beocc  i)acstioos  their  being  pathognomonic  of  the  latter  disease. 

Seven  cultivation -experiments  were  conducted  by  Dr.  Klein  of 

the  bacilli  observed  by  him  "tu  prove  that  the  virus  can  be 

rultivalMl   artificially,   *.  e.   outside   the   body  of  the  animal." 

Minute  portions  of  uentoneal  exudation  were  added  to  aqueous 

humour  on  a  glass  side  in  the  usual  manner  and  kept  attempera- 

turrs  ranging  from  32°  to  39°  C.  for  a  day  or  two ;  then  a  portion 

uf  the  cultivated  subsluuce  was  trnnsferred  to  a  second  slide  wjtU 

fmk  aqueous  humour,  and  so  on  till  from  a  third  to  an  eighth 

gnwntion  was   reached.     With    material   thus  obtained  seven 

■nimais  were  inuculaied  at  different  stages  of  the  cultivations, 

All  the  animals  are  described  as  having  been  affected,  but  it 

woqM   appear  that   death   did   not   result.     Doubtless  further 

inforaiatiuu  as  to  the  symptoms,  &c.,  manifested  by  the  inoculated 

pifis  will  be  fumisheil  when  full  details  of  the  experiments  are 

pnbhabed.     In  the  meantime,  it  nay,  however,  be  noted  that  it 

u  not  tnenlioQcd  that  baciHi  were  found  in  the  blood  of  the 

inoeulal«i  animals. 

Dr.  Kkin  stales  that  the  cultivated  liquids  proved,  on  micro- 
scopic namin«tion,  to  be  "  the  seat  of  tbe  growth  and  develop- 
mrnt  at  a  kind  of  bacterium  which  has  all  the  characters  of 
BAciUma  nMitu  (Oohn) " — a  figure   of  which,   copied   from 

<  "BerMit&ber  die  Thier«nrieiwiM«n»chtft,"  Schmidt's  '  Jahrbilcher,' 
Band  111,  p.  131.  Tbe  original  ia  u  follows  :  "  Leisering  sut  ini  Uresd. 
«M  BcrieU  f.  IMO,  dsM  mux  ameh  den  vorliei^Ddeii  Ueobadilungea  mit 
R«cU  mrfcmea  k6aiie,  dus  im  MiUbrandblule  iitte  eigecibuinticbca 
KifparahM  dct*  vorkommcD.  lir  hkbe  jtdooh  dtcKlbea  aaoli  bfi  tier 
tlifcisiiwi  gahaden,  wclchc  iia  ■uijceprafcteni  Tjuhiis  liiipii,  der  mit 
nuBMiiitniirriii  KTMhwcllcD  Kollikdii,  blastgrauiicber  Kiubung  der 
UatUcM  nod  krioFT  BlulDtierfiillung  diir  EiDgrweidc  ciabci^ing."— Cited 
r  Klob  jn   bi>  '  I'atliuloiciBeli-Anatoniische  tiludieii   abet  das 
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Cohn's  paper,  will  be,  found  on  another  page  (fig,  13),  The 
rods  of  the  p\g-bacillaa  (fig.  10)  are  referred  to  aa  being  thinner 
than  tbose  described  by  Cohn  as  occurring  in  hay  solutions,  alsc 
thinner  than  those  of  the  BaciUus  anthraeis,  and,  unlike  the 
latter  (according  to  Davaine,  Pasteur,  Koch,  and  others), 
possess  a  moving  stage.'  It  will,  however,  be  recollected  that 
Dr.  Ewart  has  shown  that  Baeillni  antAracit  may  aUo 
manifest  very  active  movemeDts.  Under  favorable  ci re um stances 
the  filaments  grow  into  leptothrix-like  filaments  (fig.  12)  just  ai 
other  bacilli  are  known  to  do. 


Fio,  10. — The  Bacillus  of  iofectioos  Pneumo-ealtritU  of  the  pi(f,  cnltinl 

in  Riiucoiis  liumirar  of  rnbbit,   showing  spores  germinating  into  rod>. 

isolated  rods,  and  series  or  ntia. 
Fig.  II. — From  a  eimiUr  specimen,  as  in  Gg.  10,  at  a  later  stage  ;  moat  of 

the  rods  have  (trown  into  long  dlameats. 
Fio.  13. — Showing  the  forraatioo  of  bright  cylindrical  spores  in  the  Ell- 

ments  at  a  later  stage. 
The  drawings  are  represented  as  tlie  objects  appear  when  M<a 

under  a  Zeiss's  F  objective,  and  Hartnack's  III  eje-piece,  fitted  to  a 

Hartuack's  small  stsjid  (after  Klein). 

"  In  these  filaments,"  writes  Dr.  Klein,  "  highly  refractiK 
epores  make  their  appearance  (fig.  IS).  These  become  free  after 
the  disintegration  of  the  original  filamentous  matrix.  Thefallf 
developed  spores  of  our  bacillus  differ  from  those  of  hay-bacilla> 
and  anthrax  bacillus  by  being  more  distinctly  cylindrical  and 
much  smaller."  In  a  footnote  it  is  mentioned  that  in  the  figora 
accompanying  Koch's  first  paper  in  Cohn's  '  Beitritge '  (1ST6)  - 
"the  Bporea  are  represented  in  many  places  as  more  or  lesi 

'  The  letters  a.  b,  used  in  the  original  figures  (as  given  in  the  'Htcto- 

seopicol  Journal '),  appear  to  liave  become  aocidentalT]'  traasposed  bj  the 
lilliDgniphor,  ax  wliut  is  referrtd  lo  in  tlie  text  nnder  "  A,  Bacillus  of  infec> 
^tious  pHOimo-eiileritii  of  tlie  piR,  cultivated  in  tigueom  humoKr,  nhoirbg 
tnres  germinating  into  rods,  isolated  rods,  and  series  of  rods,"  evidcntl; 
~lcra  to  B  iu  the  plate,  and  uol  to  the  figure  marked  A.. 
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Tical  iQ  shape;"  but  if  the  very  valuable  micro -photographs 

of  these  bodies  accompanying  Koch's  subsequent  paper*  be 
referret!  lo,  it  will  be  found  thai  ihe  '  spores  '  are  very  decidedl/ 
of  a  loug-oval  foriD.  The  pig-bacillus  'spores'  have  according 
to  Klein  alongiliaraeter  of  0'0i)05  laui.,  whi-reas  those  ol  anlAra^ 
=  H0015— 002  mm.  "At  first,"  writts  Dr.  Klein,  "  I  misin- 
terpreted the  spores,  regarding  them  as  a  kind  of  micrococci,  and 
only  after  repeated  observations  have  I  succeeded  in  tracing  ihern 
thraogh  their  different  stages  of  development."  Unfortunately 
Dr.  Klein  has  not  detailed  the  grounds  on  which  this  very 
important  statement  is  based,  nor  are  figures  given.  It  can 
scarcely  be  supposed  that  any  of  the  figures  in  the  plate  are 
intended  to  represent  the  germination  of  a  particular  S[H)re.  As 
this  distinguished  observer  well  knows,  it  is  not  what  taki's 
ulacc  before  tbe  supposed  germination,  or  after  it,  which  has 
been  the  subject  of  debate  for  so  many  years  in  connection  with 
the  development  of  tbe  KhUomveeUs,  but  the  act  itself.  None 
of  the  figures  furnished  by  Dr.  Klein  present  any  resemblance  to 
Ur.  Ewart's  gennination-Hgure  {fig.  9)  in  which  the  process  ig 
unmistakably  depicted,  but  some  of  them  are  somewhat  like 
those  of  Koch  (fig,  5) ;  on  tbe  other  hand.  Dr.  Klein  writes 
regarding  the  conclusions  of  the  observer  who  first  ventured  to 
prononnce  these  bodies  in  BacUlua  anlAracu  to  be  spores,  "  I 
entirely  differ  from  Dr.  Koch  with  regard  to  tbe  mode  of  gexmi- 
of  the  spores  of  bacillus."  The  points  of  difference  are  miilters 
of  Houndary  moment,  and  need  not  be  specially  referred  to 
here. 

Dr.  Klein  concludes  his  paper  thus ;  "  Seeing  that  splenic 
(iter,  pn e am o- enteritis,  and  specific  scpticteinia  pussess  a  great 
affinity  in  anatomicnl  respects,  and  seeing  that  in  splenic  fever 
and  paramo-enteritis  there  is  a  definite  species  of  bacillus, — the 
diSerence  of  species  being  sufficiently  great  to  account  for  tbe 
differences  in  tbe  two  diseases — we  may  with  some  probability 
cxptrct  that  aUo  the  third  of  the  group,  viz.  specific  scplictemia, 
w  <Am  Ic  a  bacilltn  This,  however,  remains  to  be  demon- 
Mratcd." 

Dr.  Klein,  therefore,  believca  that  whilst  tbe  evidence  adduced 
by  buttself  in  support  of  the  cause  of  pneumo-enteritis  in  the  pig 
Mng  a  bacillus  is  suilicieut  to  warrant  a  positive  statement  in 
the  BiEmulive,  that  adduced  by  Davaine,  Pasteur,  and  others 
in  Earoar  of  a  tike  cause  for  scpticsBoiia  is  not. 
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There  is  one  other  disease  in  which  vegetable  organiems  hare 
been  found  in  the  bloo  J,  namely,  recurrent  fever  {FeirU  or  Tj/pitu 
recurrent).  In  this  affection  also  the  organisms  belong  to  the 
lower  fungi-group,  the  nehizoixgceia — that  is  to  say,  the  fungi 
which  mQltiply  by  cleavage,  in  contradistinction  to  the  gTOup§ 
vhich  multiply  (1)  by  sprouting  or  (2)  by  germination.  The 
fission-fungi,  however,  present  themselves  in  this  disease  in  a 
different  form  from  that  witnessed  in  tbe  preceding,  anthracoid, 
I  of  affections.  In  the  latter  the  organisms  recognisable 
!  zange  from  the  spherical  bacterium  to  the  bacillus  or  vibrio- 
j  fcaeillus  form — the  bscilius  being  by  far  the  predominating  form; 
bnt  in  recurrent  fever  the  representative  of  the  ichi:omi/eete»  is  ■ 
^irillum — a  form  of  the  fission-fungi  which,  so  far  as  I  am 
,  has  not  hitherto  been  detected  in  any  of  the  anthracoid 
alfections  referred  to  in  the  preceding  pages. 

We  owe  the  discovery  of  this  organism  in  the  blood  to  Vir- 
chow's  former  assistant,  the  late  Dr.  Obermeier.  They  were 
found  in  the  blood  and  also  in  the  mouth  of  persona  sufTering 
from  this  form  of  fever,  and  minutely  described  by  him  in  1873!* 
t  It  would  appear  that  this  observer  had  already  seen  them  as  far 
p'l>Bclc  as  1868.  In  all  the  cases  observed  by  him  tliej  wertt 
present  in  the  blood  during  the  height  of  the  fever,  but  were 
absent  during  the  remission  or  intermission,  as  the  case  might' 
be;  nor  were  they  observed,  except  rarely,  after  the  crisis. 
Obermeier  describes  them  as  fine  fibrine-like  threads,  egual  in 
length  to  the  diameter  of  from  1 J  to  6  red  blood- corpusclcE ;  and 
manifesting  screw-like,  progressive  movementti,  which  may  con< 
tinue  from  one  to  eight  hours  after  removal  from  the  body.  The 
inoculative  experiments  which  he  undertook,  consisting  of  the 
injection  of  spirillum-blood  of  fever  patients  into  the  veins  of 
dogs,  rabbits,  and  guinea-pigs,  proved  abortive,  nor  was  there 
any  effect  produced  oy  the  injection,  by  means  of  a  subcutaneous 
syringe,  of  small  quantities  of  such  blood  into  the  bodies  of 
healthy  persons, 

Obermeier's  observations  as  to  the  existence  of  the  spirilla  in 
blood  in  this  kind  of  fever  were  speedily  confirmed  by  Qumerons 
observers,  and  the  negative  results  which  followed  his  attempts  at 
inoculating  persons  and  animals  likewise  characl«rised  the 
attempts  of  several  who  followed  in  his  footsteps.  Motschut- 
kowsky,  however,  states  that,  although  he  also  had  failed  to 
inoculate  animals,  yet  be  had  succeeded  in  inoculating  persons 

CentraTbUtt  liir  Ate.  niediciniache  Wisseuscliaften,'  No.  10,  Marchi 

1S7^,  aud  iu  subsequent  iiuuibcrs  during  tlie  same  jeai. 
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with  the  blood  of  patients  suffering  frgin  the  fever,  no  matter 
whether  it  contaioea  spirilla  or  uot.' 
It  was,  however,  soon  fuunil  that  whereas  apiriila  could 
(Tally  be  detected  in  cases  of  fever  of  this  kind,  nevertheless 
I  ever;  now  aod  then  occurred  in  which  perfectly  conipclent 
rvers  failed  to  detect  them  Id  the  hioud  from  first  to  last,  and 
k  too  in  cases  uot  a  whit  less  severe  than  those  in  which  the 
orgaaisma  abounded  and  which  were  under  the  care  of  the  same 
obMFvera  during  the  same  period. 

Some  discrepancy  exists  in  the  results  of  different  observers  as 
to  the  prerence  of  spirilla  during  apyrexia  periods,  as  well  as 
regards  their  absence  during  the  heiglit  of  the  paroxysm  ;  Bircb- 
Hiivchfeld,  for  example,  observed  them  two  days  after  the  crisis  ;^ 
and  Laakousky,  basing  his  observations  on  thirty-two  cases, 
aayi  that  they  increase  contemporaneously  with  increase  of  tem- 
pmiure  ;*  whereas  Ueydeiireich  maintains  that  high  temperature 
lends  to  destroy  them — he  having  found  that  not  only  were  they 
moat  nnmerous  in  the  blood  shortly  before  the  fever  was  at  its 
height,  but  that,  also,  outside  of  the  body  they  would  retain  their 
movements  lunger  in  a  room  at  lS°to21°C.  than  at  a  higher  tem- 
perature. He  nad  been  able  to  keep  active  spirilla  iu  a  prepara- 
tion from  a  work  to  a  fortnight  at  this  temperature,  whereas  the 
xmriUa  died  in  from  15  to  ^1  hours  when  kept  at  blood  heat 
(S?"— 3S"  C).  At  40°— 41°  C.  they  were  found  to  perish  stitl 
sooner — namely,  in  from  4>  to  12  hours.* 

AJlhougb,  aa  above  abown,  they  can  be  preserved  alive  for  a 
ccnnpaiBtivcly  long  time  outside  the  body,  nevertheless,  every 
aUempt  which  has  been  made  to  '  cultivate '  them  has  proved 
abortive;  no  change  has  been  observed  to  take  place  iu  them 
cither  in  aize  or  in  number,  notwithstanding  that  they  have 
tttta  *  caltivated  *  in  media  of  various  kinds  and  at  dijfereut 
tcmpcratarea. 

t.'—Tie  rtiaiion  of  MicnipAyteg  (o  Bitease. 
la  the  preceding  sections  the  leading  facts  regarding  the  con- 
k  of  Irring  organisms  with  the  occurrence  of  disease  have 
ited;  it  now  remains  to  consider  what  grounds  there  are 
J  ifae  adoption  of  the  doctrine  of  a  germ  theory  uf 
—why,  for  example,  we  should  not  at  once  admit  that 
•plenic  diMase  ia  caused  by  bacteria-rods,  and  thnt  the  aim  of 
tKatOKnl  should  be  the  destruction  of  the  vitality  of  those  rods  ; 
or  that  ncnrrent  fever  is  cause  by  screw- bacteria,  and  such 
nnedial  meuures  resorted  to  as  tend  to  destroy  them. 


a.  eu^  {ip.  1(jO  uid  101. 
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various  rtiiges  in  their  develoument  correspond  in  every  particular 
— the  only  difference  vliich  distinguiBlied  tbem  being  that, 
mhnvas  Baeilint  antkracis  presented  no  movements, the  baciltua  of 
hay  solutions  did.  This  distinction,  as  has  already  been  stated, 
^^^  disappeared.     Cohn's  figure  of  the  hay-bacillus  is  reproduced 


TlO-  13- — Bactliui  nbiilu .-  formed  ou  llie  aurlace  of  ■  iMiilod  infusioD  of 
Laj  wUioli  bui  ttood  94  to  4S  lioun  (aftct  Coku).     x  650  dUni. 

(fig.  13),  as  it  may,  in  the  absence  of  the  original  paper,  prove 
itaeful  to  such  as  would  wish  to  get  a  cirar  conceplion  of  what 
SaciUutontAracit  itself  is  like  by  cicamining  so  easily  obtainable  a 
subvtance  la  a  little  of  the  scum  which  forms  on  the  surface  of 
Bfi  infusion  of  hay. 

r. —  TAt  Ffffffaile  Organigm«/ound  in  Healthy  Blood  after  death 
eotuidered  it  rclatwn  to  lAa  Bacteria  and  BaeiUi  ofDiMoaei, 

ScTcral  years  ago  Dr.  Cuuningliam  and  myself  were,  whilst 
conducting  various  observations  together,  frequently  struck  with 
the  rapidity  wiih  whiih  organismit  appeared  in  the  blood  and 
tiamea  of  animals  after  death  in  this  country.  The  microphytes 
wen  not  limited  to  minute  sjiherical  and  elongated  bacteria,  but 
then  wcrff  also  present  well-marked  staves  and  tiUments.  In  a 
rejiort  submitted  by  us  in  1872,  and  again  iu  1874,'  we  drew 
aUention  to  this  matter  and  suggested  the  similarity  between 
them  and  Dovnine's  bacteridia.  A  figure  of  these  organisms, 
which  were  published  by  us  at  the  time,  is   here   reproduced 

(fig-'*) 

A  abort  time  ago  a  circumstance  occurred  which  drew  my 
altenlion  again  in  a  special  manner  to  these  organisms.  Mr. 
Hart,  a  veterinary  surgeon  iu  Calcutta,  forwarded  to  mt  fur  ex- 
amination a  little  uerfcctly  fresh  blood  which  he  had  removed  from 
■  hone  which  had  died  that  day  of  well-marked  anthrscoid  dis> 
me.     His  curioiity  had  been  aroused  as  to  the  micruscopical 


I 
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chamoters  of  the  blood  by  perusing  an  accoant,  in  the  '  Veteri- 
nary Journal,'  of  "  worm»"  having  been  found  in  the  blood  of 


1^^       '"I'b'f 
^^^    or  lo' 


horses  suffering  from  a  Bimitar  affection  in  the  Ponjab.  A  slide 
waa  prepared  and  examined  uoder  the  microscope  at  once,  but  no 
marked  peculiarity  could  be  detected ;  but  when  this  and  other 
slides  were  re-examined  tweWe  hours  later,  having  in  the  mean- 
while been  kept  under  a  bell  glass,  numerous  staves  and  filaments 
were  observed,  which,  ns  to  size  and  form,  accurately  corre- 
sponded with  the  dL-scription  of  like  bodies  characterising  the 
blood  in  anthracoiii  diseases  in  Europe. 

Several  "  cultivations"  were  started  by  adding  a  little  of  the 
blood  to  fresh  aqueous  huniour.  The  preparations  were  then  set 
aside  for  a  few  hours  in  a  moist  chamber.  As  the  temperature 
of  the  atmosphere  at  that  time  was  generally  over  9,0*"  T,,  no 
special  appliances  were  necessary  for  supplying  artificial  beat. 
The  development  of  the  rods  into  filaments  and  aubsequent 
appearance  of  highly  refractive  oval  bodies  in  the  latter  corre- 
sponded so  completely  with  what  Cohn,  Koch,  Ewart,  and  others 
have  described,  that  it  ia  not  necessary  to  give  figures  of  the 
changes  that  took  place.  A  series  of  such  cultivations  was 
conducted  by  transferring  a  little  of  the  last  cultivation  to  fresh 
aqueous  humour,  and  so  on  from  one  preparati(m  to  another. 

It  was  then  determined  to  ascertain  whether  the  bacilli  found 
in  the  blood  of  animals  which  had  been  set  aside  for  a  few  hours 
after  death  would  manifest,  under  like  conditions,  similar  changes 
during,  their  growth.  Rats  were  obtained,  killed  by  means  uf 
chloroform,  and  set  aside  for  from  three  to  twenty-four  hours,  ot 
longer  according  as  the  temperature  of  the  atmosphere  was  high 
or  low.     The  result  proved  that,  almost  invariably*  bacilli  were 
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to  be  fguDd  in  their  blood,  in  the  spleen,  and  in  otLer  oreana. 
On  one  occasipii  the  rapid  appearance  of  organisms  after  ilrath 
was  rxeupliiieil  in  a  Boinewhat  remarkable  mnmier,  and  iKissilily 
the  mode  of  death  was  not  without  some  influence  in  determining 
thfir  cxceptiunally  earij  and  plentiful  appearance. 

The  man  employed  to  procure  the  rata  determined  that  lie 
would  gtt  a  Butiicient  number  to  last  for  some  time,  and  pro- 
ceeded to  a  large  granary  with  liis  rat  traps.  Having,  however, 
found  that  he  could  procure  more  than  could  be  accommodated 
in  Ibe  cage  which  he  had  brooght  with  him,  he  obtained  a  large 
earthen  weaael,  transferred  twenly-aeven  rats  into  it,  and  tieii  a 
piece  of  cloth  over  the  mouth  of  the  vessel.  As  maj  be  aiip- 
'  the  ratd  had   perished  before  he  got  home — all  except 


I  eiamined  the  blond  and  the  spleeji  of  twenty  of  these  rats 
"within  about  six  to  eight  hours  of  their  having  been  caught,  and 
found  in  each  case  that  there  were  innumemble  bacilli  present, 
in  every  way  morphologically  identical  with  Barillits  antAracit. 
In  Kome  of  the  cases  the  number  was  astonishing.  Tliey  wera 
prcwnt  chiefly  in  the  form  of  rods,  but  here  and  there  some  were 
eeen  to  have  grown  to  auch  a  length  as  to  cover  two  fields  of  the 
microscope. 

This  eipericnce  lends  to  give  support  to  the  statement  made 
by  M.  Signol  hefure  the  Frencli  Academy,  to  ihe  effect  that 
motionless  bacilli,  identical  with  those  found  in  chnrbon,  will  be 
found  in  sixteen  hours  or  less  after  death  in  the  blood  of  animals 
which  have  been  asphyxiated  by  naeans  of  a  charcoal  fire.  M. 
iSignol,  moreover,  found  that  eighty  drops  of  this  blood  would 
kill  a  goat  ora  ahmp  very  rapidly,  notwithstanding  that  putridity 
could  not  be  detected,  so  far  as  appearance  and  odour  went ;  but 
that  bacilli  would  not  be  found  in  the  blood  of  the  inoculated 
animals,  either  before  or  immediately  after  death.' 

It  boa  been  urged  that  the  microphytes  which  appear  in  the 
blond  after  death  simply  make  their  way  into  it  from  the  iDteslliml 
caul  as  a  nwult  of  the  breaking  down  of  the  tissues.  This  ob- 
jection u  certainly  no  longer  tenable,  for  many  observers  havo 
■hown  that  if  some  of  the  organs  be  removed  from  the  body 
immediately  after  death,  or,  indeed,  isolated  from  the  circulation 
whilst  tbe  animal  is  still  alive  and  under  the  influence  of  cbioro- 
furm,  these  organisms  will  nevrrtlieless  appear  if  the  preparation 
be  kept  for  some  hours  at  a  suitable  teuijierature. 

Some  of  the  specimens  of  blood  which  furnished  several  of  Iha 
■  ■  described  were  obtained  in  this  manner, 
ittcns,  &c.,  were  plact'd  under  chlorofonn,  and  either 
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led  and  placed  on  one  side  for  e 
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;  or,  whitsl  still 
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under  the  influence  of  the  chloroform,  ligatures  were  passed  around 
the  several  viscera  so  as  to  isolate  them  before  death  had  taken 
place.  Finally^  a  ligature  was  passed  around  the  vessels  at  the 
base  of  the  heart,  and  the  organ  severed  from  the  bodj. 

The  specimens  thus  procured  were  repeatedly  dipped  into 
either  melted  paraffin  or  wax,  by  means  of  the  string  attached 
to  them.  In  this  way  they  became  coated  something  after 
the  manner  of  the  cotton  wick  of  a  candle.  Preparations 
thus  made  were  set  aside  for  from  twelve  to  twenty-four  hours, 
according  as  the  average  temperature  of  the  atmosphere  was  over 
or  under  90^  F.,  and  it  was  almost  invariably  found  that  organ- 
isms appeared  in  them,  almost,  if  not  quite,  as  rapidly  as  they 
appeared  in  the  bodies  of  animals  which  had  been  simply  set 
aside  under  like  conditions.  In  the  former  case,  however,  the 
supposition  that  they  were  derived  from  the  alimentary  canal 
after  death  is  not  possible ;  nor  can  it  well  be  maintained  that 
they  derived  their  germs  from  contact  with  the  scalpel,  string, 
&o.,  seeing  that  the  entire  surface  was  exposed  to  the  influence 
of  melting  paraffin  or  wax. 

The  first  figure  in  Plate  XYII  represents  a  tracing  of  a  micro- 
photograph  of  the  bacilli  obtained  in  the  manner  above  described 
from  the  blood  of  a  mouse,  to  all  appearances  perfectly  healthy 
when  killed.  A  little  of  the  blood  was  spread  in  a  thin  layer  on 
a  glass  cover  and  allowed  to  dry,  then  a  drop  of  a  solution  of 
aniliii-blue  was  added  to  the  slide,  so  as  to  stain  the  micro- 
phytes, and  thus  render  them  more  distinctly  visible  when 
focussed  in  the  camera.  The  photographs  were  obtained  by 
means  of  a  xV'  object  glass  (immersion),  made  by  Messrs.  Powell 
and  Lealand. 

When  first  seen  in  the  blood  the  majority  of  these  bacilli  are 
motionless — in  some  preparations  completely  so,  but  in  others 
they  can  be  observed  to  manifest  more  or  less  distinctly  marked 
independent  movements.  They  vary  in  size — in  length  chiefly — 
according  as  their  development  into  filaments  has  advanced. 
Tlie  average  length  of  each  rod  is  found  to  be  either  5  /lx  or 
10  fi.^  In  the  latter  case  a  more  or  less  distinctly  marked  bend 
will  be  recognisable  indicative  of  a  joint.  In  more  advanced 
stages  of  growth,  two,  three,  or  more  such  joints  may  be  detected, 
especially  on  the  addition  of  reagents,  such  a  tincture  of  iodine. 
In  this  case  the  bacilli  will  measure  either  15,  20,  25,  or  more 
micro-millimeters.     The   length    of    these    segments,    whether 

I  fx  =  micro-millimeter  (001  mm).     Tliis  mode  of  stating  the  measure- 
ments is  adopted  in  connection  with   this  series  of  observations   for  con- 
»nience  of  comparison  with  like  observations  regarding  Bacillus  anthrach. 
will  be  convcuieut  to  remember  that  the  average  size  of  a  human  red 
d*corpu8cie  =  8  /i. 


UICBOPDTTXB  rOCtID    IN  IDE  BLDOO.  389    ' 

iehetl  or  free,  varies  considerably  in  prepurutiuii^  from  liilTcrciil 
animalB,  and  even  in  preparations  from  tlie  same  animal,  so  that 
staves  may  be  seen  to  range  from  3  to  6^  in  length  and  occa- 
sional!; even  to  ixced  these  limits.  The  average  width  of  the 
staves  was  1  n,  Imt  ileviationa  from  the  average  were  equalJy  evi- 
dent in  these  measurements  also.  Sometimes  it  was  found  that 
th«  »|ttxiineDS  present  in  one  orgau  are  smaller  or  larger  than 
they  are  in  another  belonging  to  the  same  animal. 

If  a  very  minute  cjuantily  of  blood  of  this  character  be  placed 
on  a  slide  with  a  little  aqueous  humour,  it  will  be  fonnd  that 
in  the  course  of  four  or  five  hours,  if  the  temperature  be  about 
Wl°,  the  bacilli  will  have  grown  very  considerably,  the  innjority 
measuring  20  to  CO  fi,  and  here  and  there  in  the  preparation  n 
filament  may  be  observed  stretching  half  across  the  field  of  the 
microacope.  A  few  hours  later  atill,  a  meshwork  of  well-formed 
fiUmenls  will  be  manifest  (PI.  XVIt,  iig.  2).  Some  of  these  fiia- 
menta  will  be  found  to  be  distinctly  segmented,  others  apparently 
wiUloat  a  single  segment  in  their  entire  lengtJi,  though  even  in 
these  a  tendency  will  be  observed  to  form  more  or  less  acute 
anglca  at  ccrlain  distances.  Other  specimens  will  be  found  to 
show  Iraoes  of  segmentation  at  either  end  or  towards  the  middle. 
Drying  the  specimen,  or  treating  it  with  reagents,  will  make  the 
MgmeDts  much  more  distinct. 

A  few  hoars  later  some  of  the  filaments  wilt  be  seen  to  con- 
tain brightly  refringent,  long-oval  molecules,  varying  slightly 
io  tite,  but  I'Z  ii  in  length  by  I  ;i  iu  width,  may  be  given  as  fair 
averuc  dimensions.  These  are  the  'spores'  which  have  been 
docnoed  in  Baclllut  unthracis,  &c.  In  a  short  time  these  re- 
fringetit  bodies  dot  the  entire  length  of  the  filaments,  a  tendency 
bedag  manifested  to  present  groups  of  twos  along  the  line.  Gra- 
dually  the  filaments  become  more  and  more  indistinct,  until, 
finally,  only  the  more  or  less  distinctly  linear  arrangement  of 
these  refringent  bodies  remains  to  indicate  the  iiath  of  the  fila- 
ment (PI.  XVll,  fig.  3). 

I  have  nient  many  hours,  days  even,  in  watching  isolated 
molfviilo  of  this  kind,  but  have  never  been  able  to  see  anything 
which  wonld  warrant  iny  saying  positively  that  they  germinated  i 
I  en  only  support  what  \ageli,  de  Bary,  and  others  have  per- 
sisteatljr  afflnned,  namely,  that  the  achizomycetes  multiply  by 
fission  only.  The  bodies  described,  and  figured  as  germioMJng 
by  Cahn,  Koch,  and  others  (figs.  5,  6)  may  be  seen  in  most  prc- 
paralions,  some  of  which  will  be  found  figured  by  myself  in  PI. 
XVll,  (Ig.  .'>,  but,  »a  far  as  my  experience  gucs,  none  of  the 
ot>ject«  delineated  represent  the  germination  of  'spores'  or 
eontdia ;  certainly,  here  and  there,  bodies  may  be  seen  which  at 

;  sujht  appear  very  like  it— sucli,  for  example,  as  the  refrin- 
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geut  molecule  figured  at  5a  as  seen  by  Powell  and  Lcnland's  one- 
sixteenth  immersion — but  frflquentlj  the  extremely  tranBlucent 
filament  attached  to  it  extends  beyond  the  '  spore '  at  eithei 
end  (fig,  5  i),  thus  showing  that  the  filament  is  not  formed  of 
plasma  which  had  proceeded  out  of  the  '  apore,'  but  is,  in  reality, 
a  tube  enveloping  it.  It  lias  been  observed  already  that  tui 
observers  who  maintain  that  these  refractive  bodiea  germinate 
bflse  their  opinions  on  difi'erent  grounds.'  Their  figures  ii  I 
most  cases  agree,  but  their  interpretations  differ. 

It  may  be  suggested  that,  although  tlie  bacilli  found  is  tli 
decomposing  blood  of  healthy  animals  do  produce  spores,  the  I 
are  not  of  the  same  character  as  the  spores  found  in  Bacitk  J 
antkraeU.  To  this  it  may  be  replied  that  Cohn  states  that  tl  I 
Bpores  in  the  latter  are  identical  in  appearance  and  run  t)irou|  I 
the  same  developmental  stages  as  the  spores  of  the  Bacill  I 
mblilia  of  hay -solutions,  so  that  the  remarks  which  I  haveve  I 
tured  to  make  regarding  the  '  spores '  of  the  bacillus  of  on  I 
nary  blood  apply  equally  to  bacillus  of  hay -infusions,  for  I  ha  I 
been  unsuccessful  in  witnessing  anything  like  the  germiuati  I 
process  in  the  'spores'  of  the  latter  also.  Nor  went  1  I 
'  spores '  which  formed  in  bacilli  associated  with  the  nnthraC'  ■ 
blood  of  the  horse  observed  to  germinate.  I 

With  regard  to  specific  distinctions  which  have  been  baBdA    I 

the  difierencea  of  size  which  microphytes  of  lliis  character  f  I 
sent — specific  distinctions  wliich,  m  all  }jri)babiUty,  will  be  s  H 
further  advocated  in  the  future — it  is  of  iuterest  to  note  1  H 
the  bacilli  found  in  the  bload  and  tissues  of  animals  which  H 
the  period  immediately  preceding  their  death,  had  been  -  H 
fectly  healthy,  manifest  considerable  latitude  in  this  resf  H 
The  following  extracts  from  my  note  book  may  serve  as  illui  H 
tions  of  this,  and,  at  the  same  time,  furnish  a  brief  epitom'  H 
the  changes  which  bacilli-filaments  undergo  under  very  slig  Wk 
varying  circumstances.  The  first  series  of  extracts  will  i  11 
to  bacilli  of  a  smaller  size  than  ordinarily  seen.  The  notes  11 
as  follows  : — "  Killed  two  mice  yesterday  and  examined  on  II 
them  to-day,  twenty-four  hours  after  death.  The  red  b  II 
cells  from  blood  taken  from  the  heart  fairly  well  preaei  II 
'  Since  this  pa]ipr  was  printed  I  tiave  seen  n  very  interesting  pap<  II 
Brofeld  deilinR  wiili  tlu3  subject  ('  Untersucliungen  der  5p!illpilie,iuoi  11 
Aar  QtXiang  Bucillus'),  in  wliich  it  is  maintaitied  that  neitber  Cob  II 
Eocli  cnuld  bave  seen  (he  actual  Rcrmitiation  of  these  bodies,  as,  acco  II 
to  bis  (iJrcfeld'ii)  own  observations,  the  process  takes  place  in  a  differeu  II 
from  that  described  bj  them.  Tiiia  di^tiDguisbed  botanist  states  th  II 
has  satisfied  bimself  that  germinatiou  takes  place  at  a  ri^hl  angU  to  lit  II 
a*it  of  the  "tpore,"  and  tbat  tbe  act  takes  place  more  rapidlr  aftec  pnl  II 
boiliag.  It  will  be  recollectecl  that  Br.  E watt  found  taat  tbe  '■!  II 
were  siUed  after  being  boiled  for  only  two  miDutes.  IH 
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■  shoit  bacitli  iiresent — motionless.  The  spleen  also 
crowded  with  similar  bacilli.  They  appear  to  be  of  asmalltr  size 
than  are  usually  met  with,  the  segments  averaging  only  2*5  n  in 
length  by  '8  to  1  ^  in  breadth ;  though,  in  many  of  the  rods, 
indications  of  segmentation  could  cot  be  detected,  ur  detected 
only  in  parts  of  them.  The  segments  became  more  evident  on 
drying,  so  that  ineasurements  could  be  accurately  made.  The 
sketch  opposite  has  been  drawn  accurately  to  scale  (ride  PI, 
XVII,  fig.  6).  A  drop  of  aqueous  humour  was  placed  on  a 
covcr-glsM  and  a  needle  dipped  into  the  spleen,  and  then  ap- 
plied to  the  droplet  of  humour.  The  cover  was  inverted  and 
placed  on  a  gl&^s  slide,  hollowed  in  the  centre,  a  little  olive  oil 
luiving  been  placed  along  the  rim  of  the  hollow  to  maintain  the 
eoref  in  its  position.  Another  specimen  was  prepared  and 
noaatcd  on  a  elide  in  the  ordinary  way  {i.e.  without  access  to 
air  except  along  the  edge  of  the  cover-glass),  and  both  were  set 
■aide  until  the  foUotriog  day." 

The  course  taken  by  the  latter  preparation  ia  described  as 
(bllova : — "  The  '  ordinary '  preparation  of  yesterday's  note  was 
Iband  to  h&ve  altered  9omewb.it.  At  one  side  of  the  slide  a 
number  of  Bacterium  ttrmo  had  developed,  forming  a  whitish 
rim ;  along  with  these  were  staves  of  the  s.ime  character 
38  dn«ribrd  yestcidav,  but  considerably  grown,  which  were  being 
knocked  about  in  all  directions  by  the  bacteria.  The  greater 
portion  of  the  preparation  bad  gone  on  to '  s]>ore '  formation,  as 
tlgured  at  a,  V\.  XVII,  fig.  7.  In  others  the  filmnents  and 
jaint3  were  still  distinct  and  presented  a  protoplasmic  aspect  {L). 
Many  of  the  filaments  were  held  together  by  very  slender  cords, 
BCimclimcs  a«  if  by  one  comer  only,  probably  owing  to  a  twist- 
ing of  the  tube ;  at  others  the  continuation  of  the  tube  was  dis- 
tinct (r).  [Compare  this  description  with  the  figures  of  Bueillui 
amiAraci*  re[iroduoeJ  from  Dr.  CosBar  Ewart's  paper,  fig.  7  and 
J*.]  Here  and  iherc  filaments  could  he  seen  in  a  transition 
sL^{e,  a  '  spore '  having  formed  in  each  segment,  the  joint  being 
slill  faintly  visible,  but  the  plasma  disappeared  except  at  one  or 
two  pait4— generally  the  end  segments  of  a  thread.  Com- 
nMily  the  wpanted  segnientA  contained  two  '  spores,'  presnm* 
»bljf  coinciding  with  the  original  number  of  segments.  The 
tbraida  arc  wider  when  containing  'spores'  than  previously. 
The  '  sporw '  =  1  to  1  i  ji  in  lengto,  ■»  to  1  ^  in  breadth.  Tlie 
gfmai  allotted  to  each  '  spore '  in  a  filament,  presumably  each 
•rgmenl,  was  frum  it  to  7  fi  io  length,  so  that  a  tilament  contain- 
ing  i  'fpores*  would  equal  12  to  li  fi,  and  3  'spores'  =  IB  to 
21  ft,  and  so  oo,  to  that  the  filament  manifestly  swells  out  in  all 
diKctiou." 

Xtte  third  day  :  "  Uanng  set  the  slide  in  moist  ait  noder  a  . 
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bell-glass,  cvnporntioii  wM  prevented.  Not  much  change  ha 
tnkcn  place,  except  that  here  and  (hero  is  seen  tbat  some  of  Hu 
'  spores' wiiliin  the  filaments  preseot  a  longer  appearance,  and 
have  bccoiae  correspondingly  narrower.  In  some  a  constriotioo 
13  seen,  and  others  are  completely  dindeii  and  form  two  com- 
plete molecules  (I'l.  XVII,  fig.  8).  In  some  instances  the  mole- 
cules had  become  separated.  [Compare  vith  Dr.  Evart's  figure 
of  Baeilltit  anUiracis,  fig.  8.]  That  the  refringont  particles  were 
in  reality  the  '  spores '  of  the  previously  distinctly  seen  filamcnti 
was  evident  from  the  circumstance  that,  although  the  hyaline  tube 
which  contained  them  was  extremely  trauslucenl  anil  only  with 
dillicuUy  brought  into  view,  still  it  was  sulBciently  strong  to  be 
able  to  retain  these  refractive  molecules  iu  a  row ;  any  movemeot 
communicated  to  one  part  of  the  row  was  seen  to  be  accompsnied 
by  movement  of  the  entire  series.  The  movements  were  catued 
by  the  constant  agitation  of  objects  in  the  lield  on  acoonnt  of 
the  presence  of  Bacterium  lermo." 

No  further  change  could  bo  detected  in  the  '  spores,' 
The  foregoing  description,  though  applying  to  the  more  gene- 
rally observed  appearances  which  bacillus  growths  present,  is  by 
uo  means  the  only  course  taken  by  such  nrgniusms  when  trans- 
ferred  to  nutritive  media  other  tlian  that  iu  which  they  were 
developed,  nor  is  it  by  any  means  a  matter  of  certainty,  at  »tnrt- 
ing,  wnat  particular  course  will  be  followed  by  them.  In  illus- 
tration of  this  and  also  of  the  fact  that,  occasionally,  exceptionally 
large  bacilli  are  to  be  found  predominating  in  the  blood  (just 
as  we  have  seen  to  be  the  case  with  regard  to  exceptionally  small 
ones),  the  following  extract  from  my  note  book  may  he  instruc- 
tive : — A  rat  which  had  been  killed  at  10  o'clock  in  the  momuig 
was  dissected  at  5  in  the  afternoon  of  the  same  day.  The  tem- 
perature liad  been  about  \>\°  V.  Tbc  heart  was  carefully  taken 
out  and  a  minute  ([uantity  of  blood  trntisferred,  on  the  tip  of  a 
scalpel,  to  a  slide.  A  small  (juantily  of  a  half  iier  cent,  solution 
of  salt  and  distilled  water  was  added,  in  order  to  dilute  the 
preparation,  and,  by  separating  the  corpuscles,  render  it  easier 
to  see  any  foreign  matters  that  might  exist  in  the  serum.  There 
were  numerous  motionless  bacilli  varying  from  4  to  tO  ^  in  length 
by  -8  to  1'4  ^  in  width,  the  thicker  variety  predominating  (PI. 
XVII,  Gg.  9) ,  The  mnjority  consisted  of  short  stiff  rods,  6-&  ^ 
in  length,  or  double  this  length ;  in  the  Utter  case  often  mauif«tt- 
inf  indications  of  a  tendency  to  bend  towards  the  centre.  Then 
were  also  a  few  thicker  rodi  than  theJie  scattered  throughout 
the  preparation.  .\n  hour  having  been  spent  iti  the  exaniina. 
tioD  of  tbii  slide,  it  became  apparent  that  the  bacilli  were  more 
numerous  on  it  than  when  Ihc  examination  commenced.  It  was 
then  set  aside  in  a  moist  chamber. 

A  aimilar  slide  wu  prepurrd,  consisting  of  just  a  trace  of  the 
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btood  mixed  with  fresh  nqueoiis  humour,  and  placed  in  the  same 
chamber. 

On  the  foliowing  morning  this  slide,  to  which  the  half  per 
cent,  salt  solation  had  been  added,  was  re-enarained,  and  it  waa 
found  that  the  filnmenta  had  grown  greatly  in  length  and  some- 
what in  thickness  (Pi.  XVII,  Gg.  lit);  in  some  instances  the 
filaments  extended  across  the  field  of  the  microscope.  All  the 
filaments  were  motionless  and  almost  translucent,  quite  devoid  of 
^nularity,  and  it  was  only  in  some  places  that  a  joint  could  be 
distinguished.  No  refringent  molecule  appeared  in  any  of  these 
long  ^laments,  bat  there  were  some  short,  pale,  transparent 
rods  rolling  about  in  the  preparation,  and  in  these  glistening 
bodies  were  found  (PI.  XVII,  fig.  12).  Some  of  these  rods,  or 
segments,  were  S  fi  long  and  contained  a  bright  blue  (aa  secu  with 
Uartnack's  No.  1)  immersion  objective)  '  spore,'  %  n  in  length 
by  1  ^  in  width,  and  other  segments,  about  the  same  length, 
contained  two.  Mixed  with  these  were  short,  translucent  slaves, 
with  a  distinct  joint,  some  with  two  'spores,'  separated  by  n 

Sarlition,  and  others  shorter  {46  ji)  with  only  one.  By  the  next 
IT  tbc  filaments  were  broken  down  and  the  preparation  consisted 
chiefly  of  a  multitude  of  active  Bacterium  lenno. 

The  other  slide,  which  had  been  prepared  with  aqueous  humour, 
was  likewise  examined  on  the  following  day.  The  filaments  were 
not  so  long  u  in  the  other  preparation,  and  there  appeared  to  be 
a  decided  tendency  towards  cleavage  into  small  coboid  pellets  of 
plaama  (PI.  XVII,  fig.  11,  a).  Some  of  the  filaments,  though 
well  preserved  at  one   end,    were   seen  to  be  undergoing   tee 

rta  of  fission  at  the  other,  each  fragment  being  equal  to 
1*2  ;i  in  its  longest  diameter.  It  seemed  as  if  the  4  to  5  fi- 
•egmenta,  of  which  the  filaments  were  composed,  had  first  become 
freed  from  the  thread,  and  had,  insteaci  of  giving  rise  to  a 
'  apofc,'  undergone  fission  (fig.  11,  i).  In  other  cases  cleavage 
of  this  kind  took  place  whilst  the  individual  segments  maintained 
their  liorar  arrangement  (fig.  11,  <■).  In  some  instances  it 
seemed  as  if  the  two  first  halves  of  the  originally  4  to  5  fi-seg- 
meuta  had  each  become  elongated  (and  correspondingly  thinner) 
and  undergone  further  division,  thus  forming  four  more  or  less 
spherical  plastides  (iig.  11,  d).  When  the  whole  filament  had 
undergone  such  a  process  and  the  plavtides  had  retained  their 
linear  arrangement,  it  presented  (lie  appearance  of  a  rosary  chain 
(fiif.  11,  e).  It  was  ascertained  that  four  of  the  plastides  form- 
iDg  a  pari  of  tbc  particular  chain  sketohed  were  equal  to  the 
IniKlh  rif  one  of  the  segments  of  the  original  filament,  viz.  5  ^i. 

It  a  ill  thus  be  se«;u  ihut  filnmculs  of  bacilli  may  disappear  at 
least  in  Iwu  ways:  (1}  by  giving  rise  to  minute  highly  refractive, 
• 1  . — t — .._  jjij  filaments  themselvea  becoming  at  flirt 
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tiMMat,  nd  Oca,  mmailj,  KiMf^rniv^  more  o 
CM|ME»r#  ■dmfcfmiajMgefcwi^iod  giriowr 
■Bale  pMUn.    Hmk  h^,  oBtHbnBr,  be  otiKmd  tc 


or  le*f 
rife  to 
to  pre- 
,  thdr  identiGcatioii 
tw— w  iMBOMbfc  mriig  to  tkdr  ■naw  with  otlMr  moieenka 

I  Hi  not  in  K  ptHtim  to  <Ar  wy  ■■ggri*'"  •>  to  vttidi  u 
Ihi  ■iiriiiil  riiiinr  fnrhTiTtiliiiiiir.iiiiimlhil  ImljUim  Blmij-L 
m;  ndndop  udcr  —inHr  itiwJiJB—  &m  satoul  derireil 
fcoa  pr^anboB*  ia  vbtdi  athn  of  the  tvo  focrgoii^  urooe»«3 
faw  b«  ofaRtnd  to  take  pbcr.  ProliablT,  to  k  grater  or  l*^ 
nxteat,  boUi  pronno  oeear  ^vAa ;  it  Inst  it  is  seldom  that 
fibifatii  vw  gire  i»e  bi  the  nrtgbt,  ntnttin  auiiocalta,  in  a 
|j||l4y  iiatiiliiw  flaid,  wilhoat  m  eootcBponneoaa  foraation  of 
phtddci  t»IuBjt  pbcc  at  nne  part  of  the  pRiMtitutL 

a— n*  >Wii<ki«  <f  (ie  SpmUmm  ^  M*emrrtmt  Rnr  bt  otier 

UaTtBg  tbu  nulrtroiutd  to  prove  tbat  do  aoffident  groundi 
bare  been  addiMMi  for  aicwpting  the  doctrine  tlwt  bacilli  have 
been  found  in  splenjc  diseue,  Bepticenia,  and  so  forth,  which 
differ,  not  only  in  anjr  material  respects,  but  in  anj  respects 
wbatMKTer,  &oai  baolH  vhich  maj  be  fonod  under  oeitain  easiljr 
tndnoed  eondttioDi,  it  retnaina  to  be  feen  what  endence  thera 
t-Lii'.i  t-?  shoir  ihat  'hf-  ot'ifr  nieT;b<T  cf  ihe  schizomvcetes  groui) 
found  in  recurrent  fever — ^piriUum  Obemeieri — ^Uffera  from 
other  spirilla  known  to  be  harmless. 

Oil    '    ■   :  "  '  r.-iUe  diversity  of  opinion  exists, 

thoug!:  i"  1'  !;'■:■.■!  _  i.'i-".; -J  marked  an  extcut  as  with  respect 
to  the  microphvtes  whicli  have  just  been  considered.  The  matter 
is,  moreover,  made  somewhat  simpler  from  the  circumstance  j 
that  those  who  have  bad  the  greatest  opportunities  for  pergonal 
observation  are,  on  the  whole,  the  observers  least  inclined  to  claim 
for  this  spirillnm  specific  characters  in  the  ordinary  botanical 
sense  of  the  term. 

Since  the  period  of  its  discovery  in  the  blood  by  Obermeier  if 
has  been  referred  to  under  various  names ;  SpirotArh,  Prolomj- 
cetttm  recurreiilu,  in  Lebert's  article  on  recurrent  fever  and  in 
Ziemssen'a  '  Handbnch '  of  Medicine ;  Spirillum  by  Erichsfn, 
Litten,  Birch-Hirschfeld,  S:c. ;  Spirillum  f^miehs'Snau^n;  aud 
^iroehfete  Ohermeieri  by  Cohn  (fig.  15). 

The  last-named  observer,  and  the  only  one  with  an  extended 
botanical  experience,  gave  it  a  specific  distinction  solely  on 
pbyaiological  grounds,  as,  after  careful  examination,  he  was  ooable 
to  dfttet  aw  difference,  either  in  siee  or  in  daracUr  of  — ' 
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between    the   9])iriliura    of  recurrent   fever-blood    and  | 

Anri/lum  (^iroch<t(e)    plieatiU,    which   had  been    found   by 
Ehreiiberg  in  water  luaay  yuara  ago.'     Cohn  himself  had  snbee. 


I 


Ku..  15.  Fro.  !fi, 

Fio.  \a.—Spi''ll*m   (Spiroci^/e)  ObenuitH.     Tiie  spirillii   wnong   blood. 
oell*  *  *  in  Ktivc  inoTcmeiit.     Those  marked  *  skctcbcd  a  Eliort 
tiffl*  bcfure  tbe  ceuttion  of  the  Tcrer  (after  Weigert ;  pablislied  b/ 
Cohn).     X  600  diani. 
FiO,  \i.—SfirUlum  {SpiroehirU)  plieatiU  (Bfler  Cobn).     x  630  iiua. 

itly  found  it  in  water,  and  alto  in  the  month — in  the  mucat 
landing  the  ti^eth.*     A  figure  of  this  spirillum  by  Cohn  is 
laced  for  convenience  of  comparison^  (fig.  16). 
will  be  reooilected  that  Ihe  late  Pr.  Obermeier  himself  had 
^  liacd  the  spirillnm  in  the  mucus  from  the  mouth  of  recur- 
fever  patients,  possibly  having  overlooked  the  circumstance 
its  presence  in  this  llniii  was  not  au  abnormality.     Manas- 
vrbo,  at  St.  Petersburg,  has  had  favorable  opportunities 
obscrration,  exprcsRca  himself  most  strongly  against  the  sup- 
that  this  microphyte  is  anything  more  tlian  an  epi- 
in  recunrent  fever.     Kot  only  was  it  absent  from 
certain  of  the  cases  of  fever  examined  by  himself 
but  spirilla  precisely  similar  to  those  found  in  other 
during  a  period  of  some  months,  constantly  present 
■ecretion  which  flotrcd  on  pressure  from  an  absceaa  which 

•  Cobs'*  '  Iteitriigr,'  Band  i,  MtU.  S,  1S75,  p.  107. 

'  Ditla.  Band  i.  iMt.  3,  1373.  p.  ISO. 

^EKlire*berx  tuf^csled  Hut  the  term  Spirittum  should  be  rettricted  to 

^of  iba  &lii«)m}celn  m  Diaaifesled  »pinl  movements  witbout  flexi. 

r,  ud  for  ihoH  of  tbe  ktouji  nhleb  -were  ditlinctlj  flexible  he  |iro|>oted 

m  ^firoclutU.     Ki,  hoTevor.  tbe  dittiuctioQ  a  merely  a  nialtcr  ol 

,  ■)«rUls  aSo  muDifealing  a  greater  or  leu  amount  of  fleiibilitT,  I 

■  •dttemd  to  Uajardio'i  cLuiiDcalioti.    Fomental  ('  Etude  »ut  let  Ui- 
^Miru,'  ]!)74>  auopts  the  older  and  simpler  term  Tar  a  like  reawo. 
^8It  nttnbnTB-  medieifl  WochensobriTi,'  No.  ;s,  1S7(>. 
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opened  into  the  mouth  of  a  fever-free  patient.  BiUroth  also  states 
that  similar  spirilla  were  found  io  connection  with  caries  of  bone, 

Hejdenreich,  who  probably  has  investigated  this  matter  as 
carefully  as  any  observer,  and  written  the  fullest  account  of  it 
which  has  come  under  my  notice,  notwithstanding  his  manifest 
desire  to  claim  for  the  spirilluui  a  causative  relation  to  the 
disease,  is,  nevertheless,  compelled  to  own  that  sufficient  reason 
has  not  been  shown  to  warrant  its  being  described  as  specifically 
different  from  the  spirillum  of  water  and  the  ordinarj-  spirillum 
of  the  mouth.' 

In  May,  1877,  I  had  an  opportunity  of  observmg  cases  of 
fever  in  Bombay  iu  which  Dr.  Vandyke  Carter  had  demonstrated 
the  existence  of  spirillar  organisms  in  the  blood.  Dr.  Carter 
has  recently  published  an  interesting  account  of  his  observa- 
tions.^ Tbese,  as  far  as  the  abstract  of  the  paper  submitted  to 
the  Pathological  Society  shows,  coincide  closely  with  like  obser- 
vations in  Europe.  During  my  stay  in  Bombay  I  had  an 
opportunity  of  examining  twenty-five  cases  of  the  disease,  and 
observed  the  spirillum  in  five  of  these  on  several  occasions.  It 
could  not,  however,  be  said  that  the  other  subjective  symptoms 
in  these  cases  were  more  grave  than  in  other  cases  of  the  fever, 
in  which  not  a  trace  of  the  spirilla  could  be  found. 

One  of  the  preparations  of  blood,  containing  these  organisms, 
vhich  I  was  able  to  preserve,  is  a  particularly  good  one,  and  as 
it  was  obtained  by  exposing  the  fluid  immediately  on  its  removal 
to  the  fumes  o!  a  weak  solution  cf  osmic  ncidj  it  may  be  con- 
sidered as  representing  the  spirilla  exactly  as  they  appeared  in  a 
perfectly  fresh  slide.  The  fumes  of  this  acid,  as  has  been  stated 
by  several  observers,  are  particularly  useful  in  preserving  the  ■ 
natural  appearance  of  these  microphytes,  as,  indeed,  of  blood 
preparations  generally.  Professor  Bay  Lankester,  when  recom- 
mending its  use  to  English  observers,  wrote:  "It  is  sufficient 
to  expose  a  thin  film  of  blood  on  a  glass  cover  to  the  vapooi 
arising  from  a  bottle  containing  a  two  per  cent,  solution  of  osmic 
acid,  during  three  minutes,  to  ensure  its  complete  preservation. 
Every  corpuscle  thus  becomes  '  set,'  as  it  were,  in  its  living 
form ;  there  is  no  coagulation,  no  shrinking,  no  dissolution ;  bat 
as  the  corpuscle  was  at  the  moment  of  exposure  to  the  .vapour  so 
it  remains.  The  white  corpuscles  even  exhibit  their  pseudopo- 
dial  processes  arrested  in  tlie  act  of  movement.  It  is  as  though 
the  oemic-acid  bottle  contained  a  Gorgon's  head,  which  freezes 
the  corpuscles,  as  they  face  it,  into  stone."' 

I  have  pttjiraTtiS  s^veial  micro-photographs  of  this  slide  in  the 
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'Tlie Lancet,"  June,  WS. 
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hope  uf  being  able  to  supply  facsimile  copies  of  some  of  them 
with  this  paper.  I  fear,  bowevi^r,  tliat  it  will  not  be  practicable 
to  obtain  reproductions  of  the  negatives  b_v  any  of  the  permanent 
photographic  processes  prnctiscd  in  Earope  in  sufficient  time  to 
permit  oi  their  publication  at  present.  I  have  therefore  caused 
tncing*  of  »ome  of  tiie  leniliiig  forma  to  be  made  and  have  had 
I  hem  engraved  on  wood  (fig.  17).' 


I 


0     ^  -^ 


■Spirilla  in  ilic  blood  of  fever  palieols  in  Bomb«y-,  trnccd  from 
i-pLoLogriplji  tikcn  vitb  Uo»s*  ^"  ininierwoo  objeclivc.  Some 
of  tlie  loDjcer  spirilla  in  ilia  woodcul  are  io  Uie  mierg-pliolograplis  seen 
lo  conuiit  of  two  flbrila  looscl;  aitaclieil  nt  tbc  endg,  Tbis  pcculiariu 
cttiBot  be  reprDduciTil  ia  tbc  engmving.  Scicral  of  tbo  blood- 
eorputdei  prMcat  «  sUlble  appearance. 
In  the  last  number  of  Cohn's  '  Beitriige'  (Bnnd  II,  Heft  3), 
Dr.  Koch  has  supplied  some  excellent  micro- photographs  of  the 
spirilla  as  observed  at  St.  Petersburg.  The  spintla  in  the  osmic- 
acid  preparation  whicb  I  possess,  though  presenting  the  same 
genera]  characters  as  those  in  Dr.  Koch's  photographs,  are  some- 
what thicker  than  those  depicted  in  the  latter ;  whether  this 
'  its  to  any  slight  difierencc  in  the  blood  brtweeu  the  fever 
ilcd  in  bombay  last  year  and  the  fever  Hhich  pre- 
.  ._  _t.  Petersburg  I  am  not  prepared  to  say,  but  this 
I,  I  think,  I  may  venture  to  state,  namely,  that  llie  dllTer- 
brtweeii  the  spirilla  in  the  fireparatiou  in  my  possession 
and  those  received  from  St.  Petersburg,  as  photographed  by  Dr. 
Koch,  or  the  spirilla  sketched  by  Wcigert  (fig.  l,*j),  is  as  great 
as  the  dtflercnce  irliich  exists  between  the  Spirillum  Oder- 
wieifri  and  the  Spirillum  jilicu/ilf,  on  the  one  hand,  and  the 
Spihllmm  of  the  mouth  on  the  other.  As  has  already  b«o 
two,  ihecc  differences  are  exceedingly  trivial,  and  it  is  quite 
poatible  that  such  slight  differences  may  exist  in  these  microphytes 
in  diffomt  |ier«ons  during  the  same  epidemic,  and  at  different 
'  Twoof  thcsomicTo-pbotograplis  will  be  found  reprmJuced  upemaneQl 
bj  the  Auttitjpe  Company,  in  the  original  memoir. 
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times  in  the  same  individuali  as  has  been  shown  to  be  the  case 
in  the  preceding  pages  with  regard  to  the  bacilli  in  the  blood. 

It  may  be  useiul  to  say  a  few  words,  in  passing,  regarding 
the  fever  which  was  so  prevalent  in  Bombay  darmg  a  great 
part  of  1877,  as  some  misapnrehension  appears  to  exist  as  to 
its  exact  character.  What  is  aescribed  as  recurrent  fever,  and 
sometimes  as  bilious  typhus  or  bilious  remittent  fever,  and 
recurrent  typhus,  in  Germany,  is  frequently  assumed  in  England 
to  be  the  same  as  the  *' relapsing-famine  fever,"  which  was 
witnessed  some  years  ago  in  Ireland  and  elsewhere.  Whether 
in  reality  the  latter  fever  was  or  was  not  the  direct  ofTspring  of 
want  is  not  a  matter  calling  for  comment  here,  but  what  is  very 
definitely  known  is  that  outbreaks  of  recurrent  fever  in  various 
parts  ot  Russia  and  Germany,  and  which  were  'found  to  be 
associated  with  spirilla  in  the  blood,  have  occurred  in  districts 
wholly  unassociated  with  want  of  nn)y  kind.  In  some  cases, 
indeed,  the  outbreaks  occurred  in  districts  and  during  periods 
in  which  tlic  labouring  classes  were  exceptionally  well  off.  This 
is  a  point  concerning  which  no  doubt  whatever  can  exist.  With 
regard  to  the  supposed  connection  of  the  fever  in  Bombay  with 
the  famine  which  prevailed  in  certain  parts  of  the  country,  I 
can  onlv  state  that,  so  far  as  I  could  gather  as  the  result  of 
l)ersona{  obi^ervation  and  careful  inquiry,  no  sufficient  grounds 
existed  to  warrant  any  such  supposition ;  and  Surgeon-General 
Hunter,  after  a  most  canful  analysis  of  the  otTicial  records, 
and  writing  from  porsonal  acv|uaintance  with  thedisease,  thus 
sums  up  his  ropvut  on  this  particular  point:  ''Any  distinct 
causal  connection,  therefore,  between  the  famine  and  the  fever 
must  be  abandoned.*'' 

It  thus  t'oihnvs  thai  ilic  term  *' relapsing -fiuninc  fever"  is  not 
anplie.ihle  to  the  atlection  hitherto  associated  with  spirilla  in  llie 
hloiul,  whether  in  (iermanv,  Kussia,  or  Homhav. 

/>.V.  il  '       ■'    t .  .-;'tw I »/./(".•/ J. 
•       *     • 

There  is  one  circumstance  in  connection  with  the  microscopic 

appearance   which   these    organisms   son\ctimes    present     which 

deserves  special   n\ention,  a<  it  may  serve  as  an  explanation  of 

their  sudden  disapjiearanee  fr.Mn  the  blood  :  and  that  is  that  they 

n\av  present   a  well-marked  beavled  or  rosary  chain  appearance 

^lig.    I'^V      riiis  t'eatine   I  was  aMc  to  observe  on  one  occasion 

tmly.     The   spuilia  ol'  the  ordinary  ehar.u'Ur  were  plentil'ul  in 

this  person's  I^1i».h1  on  tl'r  e\en'.ng  previous  iv)  the  dav  on  which 

this  observation  was  maile.  hut  wlicn  examined  on  the  fidlowin^ 

'  '\\.:\\M\  MraicaUJ.ife!te/iVtot»or  iM.  b,';. 
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ning  there  were  only  linked  or  tosary-chaia  spirilla  in  his 

blood.  They  were  not  very  numerous,  and  their  movements  were 
not  of  that  rviUng  character  ordinarily  observed,  bat  conveyed 
Uie  impression  of  tumhhvg  across  tlie  fielii. 


J.  IS. — Beaded  or  roturf-cbaio  sppearnncc  assumed  b;  llie  spiriiln  {•■•.ftA 
I  in  tha  blood  of  a  fever  ptlienl  nl  BombsT  t&ketched  as  seen  bj  Hurt- 
I  luck**  immeisiou  objcclire  No.  9,  oculac  4). 

•The  inference  which  such  an  observation  appears  to  warrant  is, 
rhen  the  blood  acqaires  a  certain  as  yet  undetermined  condi- 
t  becomes  tinadaptcd  to  the  existence  of  spirilla,  and  that 
jrils  thereupon  uudergo  segmentation,  after  the  manner  of 
t  schizomycetes  [compare  with  fig.  11,  PI.  XVII],  and  the 
rated  plastides  become  diffused  throughout  the  circulation  ; 
ibly,  tney  then  pradoally  disappear  in  the  same  manner  as  we 
B  wen  otner  plastides  (minute  bacteria,  &c.),  disappear  very 
Idly  after  being  injected  into  the  circulation.  Tiiis  appears 
ne  to  be  more  probable  than  (hat  they  continue  in  the  circula- 
^  until  the  blood  reacquires  the  state  suitable  to  their  growth 
%  fibrils,  seeing  that  the  time  for  their  return  is  so  uncertain 
I  may  be  two  days,  may  be  sis  days,  or  a  fortnight  even,  and 
'ups  they  may  not  return  at  all.  Be  that  as  it  may,  it  is 
riy  evident  thai  thfir  ciistenco  as  spirilla  is  dependent  on 
■"composition  of  the  fluids  of  the  body. 

^cydenrrich  suggests  that  their  disappearance  is  due  to  the 
^Bted  temjKrature  of  the  blood  at  the  height  of  a  paroxysm, 
iut  were  the  case,  they  ought  tu  become  more  numerous  with 
'  H  of  temperature  after  death,  but  it  is  well  known  that  they 
**lFuceedtngly  rapidly  when  life  becomes  extinct,  in  this 
be  a  markea  contrast  to  other  members  of  the  cleft- 
—oacteria  and  bacilli. 
F  thdr  total  disappearance  immediately  after  death, 
probably  even  hrfdre  death  actually  takes  place,  is  very  signill- 
cant,  as  showing  the  extremely  close  relation  wjiich  exists  between 
a  and  Ihf  blowd  in  Hriug  tissues,  seeing  that  when  the  blood 
moved  from  the  body  the  spirilla  will,  under  favoralile  con- 
,  retain  their  i»owcr  of  locomotion  for  several  hours  or 
iDutle  changes  of  the  blood  during  fever 


I 
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cesses  may  be,  chemistry  aod  physiology  have  not  yet  rernled  j^ 
can  therefore  only  judge  of  ttiem  by  the  changes  of  the  tempor 
ture,  &c.,  of  the  patient ;  and,  in  the  jinrticular  condition  tini 
consideration  by  the  occasional  appearance  and  rc-appearancefl 
spirilla,  whose  presence  is  manifestly  dependent  on  antecedc 
ohanges.  That  the  temperature  commences  to  rise  and  tikat  otl 
subjective  symptoms  are  manifested  before  the  appearsncsJ 
apiiilla  testifies  to  this,  for  it  cannot  be  that  they  can  exer(l| 
influence  before  tht-y  are  themselves  existent. 

Dr.  Charles  Murchison,  at  the  disau«aion  on  the 
theory  of  disease  at  the  Fathological  Society,'  put  this  mnl 
very  clearly  when  he  said :  "  The  fact  that  in  relapsing  fever  ij 
sheep-pox  distinct  forms  of  bacteria  have  been  found  in  no  « 
proves  any  casual  relntianship  between  these  di^cnscs  nnd  1 
bacteria,  and  is  readily  accounted  for  by  the  acltnowledged  t 
that  the  forin  taken  by  many  minute  growths  depends  not  uM 
the  germ,  but  upon  the  nature  of  the  medium  in  which  it  grow 
Indeed,  the  observations  which  have  been  made  on  the  spinllij 
relapsing  fever  are  strongly  in  favour  of  this  view,  for  they  i 
present  in  the  blood  during  the  first  paroxysm,  but  diiappi 
before  the  crisi.i ;  are  absent  during  the  iatermissiou,  but  ret^' 
with  the  relapse  of  fever,  and  again  disappear  before  the  crii. 
It  seems  difficult  to  account  for  ttieir  appearance  and  aiiiiihilatfi 
twice  over,  except  on  the  supposition  that  the  soil  was  suit*" 
for  their  development  during  the  febrile  process,  and  unsuiti 
vhen  the  febrile  process  was  complete.  The  remarks  whj 
Dr.  Baatian  made  in  opening  the  same  discussion  on  his  i 
interesting  observation  as  to  toe  presence  of  hncteria  in  the  fld 
of  a  blister-bleb  of  a  febrile  pnlienl  so  long  as  the  bleb  remaiiM 
intact  for  forty-eight  hours,  whereas  in  the  fluid  of  a  blister  frd 
a  healthy  person  no  such  appearances  would  be  seen,  point  in  fl 
same  direction.  ' 

A  like  conclusion  must  be  arrived  at  regarding  the  bacilli  J 
maliguanl  pustule,  seutictcmia,  and  the  so-called  "  typhoid  fsver 
in  the  pig,  horse,  and  other  animals.  With  regard  to  the  mici 
pbytes  just  named,  it  may  be  confidently  stated  that  they  | 
sever  to  be  detected  in  the  earlier  stages  of  the  disease,  but  am 
at  a  brief  period  before  mid  after  n  fatal  termination.  To  4 
knowledge  they  have  never  been  found  in  the  blood  of  anil* 
which  have  iubaci|uentiy  recovered ;  they  have  always  be 
recognised  only  as  one  of  the  concomitanis  of  impending  disaia 
tion.  This  is  undoubtedly  the  case  so  far  as  llie  two  disei 
first  cited  arc  couoenii-d,  and  judgiiiu  from  what  is  known  regi 
ing  them,  1  presume  that  the  development  of  such  organiuni 
the  blood  of  the  inoculated  pigs  was  not  ouc  of  the  symptt 
Tlic  LuMt*  sad  '  firilisli  Medical  Journal,'  A)>til,  l$7t. 
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Sell  !>•  Klein  had  observed  as  indicative  that  tlie  bacilli  whicb 

hul  been  introduced  into  the  system  of  the  auimals  had  induced 
ihc  disease.  Should  this  inference  prove  to  be  correct,  it  is 
somewhat  difficult  to  understand  on  what  grounds  so  emphatic 
an  opinion  could  have  been  expressed  as  to  their  specitic  action. 
It  does  not  appear  that  Lei sering  in  his  account  of  like  organiams, 
in  apparently  the  same  disease  of  the  pig  (as  already  mentioned), 
bad  found  tnem  in  any  but  fatal  cases. 

^^^•Tie  evidence  wiiei  hat  been  adduced  siotoinff  that  tie  vtnt- 
^^^^Unce  of  Septinoas  SnbtlaHcee  ie  not  dependent  on  ve^etaile 

^^^Beeing  that  so  mucii  evidence  can  be  adduced  to  show  that 

^^^^e  organisms,  whether  bacilli  or  spirilla,  are  but  epi-pbrno- 

meua,  tie  tpecijlc  change  in  the  Jiniih  of  the  body  having  taken 

place  before  the  ttightett  indication  of  their  pretence  can  be 

detected,  the  question  which  naturally  suggest  itself  is :  whether 

^^afficient  evidence  exists  to  show  that  inoculations  can  be  effected 

^^^U  like  material  in  the  absence  of  such  living  orgaaisuis.     The 

^^HUj  to  this  question,  so  far  as  anthracoid  and  cognate  diseases 

^^|b  concerned,  is  distinctly  in  the  affirmative ;  but,  with  regard 

(o  recunent  fever,  it  cannot  be  as  yet  definitely  stated  that  the 

malady  is  inoculable,  so  that  for  th«  present  it  may  be  left  out  of 

consideration. 

■  When  Braueil  published  his  paper  in  '  Virchow's  Archiv  '  in 

"Hpfi,  detailing  hiseiipiTimeiits  to  prove  that  splenic  fever  was  an 

eulable  disease,  he  further  stated  the  opinion  that  the  organ- 

I  found  tu  the  blood  could  not  be  the  carriers  of  the  virus, 

z  that  blood  not  containing  b«cilii  had  been  found  to  gcne- 

«  diKase.     Bouley  has  arrived  at  a  similar  conclasiou.aud 

Ditiger,  who  has  repeated  lirauell's  and  Bouley's  es|>eriiDent<, 

p  ilso  shown  that  the  disease  may  exist  without  the  presence 

aaciUi  in  the  blood,  that  such  blood  will  induce  the  disease  in 

r  aninisls,  and  that  even  under  such  circumstances  organisms 

/  develop  in  the  blood  of  th«  inoculated   animal,  and  be 

ected  during  life  as  well  as  after  death.' 

Similar  observations  have  been  made  with  regard  to  septicnemia 

S  the  allied  disease-conditions  associated  with  the  presence  of 

■flli,  some  of  which  have  been  aJready  referred  to.     M.  Colin, 

I  example,  found  that  n7„'p-5  of  a  drfip  of  septicKinia-blood 

Did  kilt  a  rabbit  In  36  hours  when  inoculated  by  meant  of  a 

;  that  the  virulent  property  extsled  before  the  appearance 

of  rod-bacteria ;  and  that  the  pernicious  character  of  the  fluid 

187S. 
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'  O.  Bollincw,    'Zitt  Patboloeie  des  Uilibrandei,'    Muneliea, 
Qwlvd  IB  'ScEmidt's  Jtlirbiicher.'^Bd.  dxxi,  p.  itOG,  1B75. 
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became  evident  contemporaiieouslj  with  the  advent  of  very  minute 
8])herical  bodies,  the  consequences,  ns  Coiin  believes,  of  the 
altered  character  of  the  blood,' 

It  has  been  repeatedly  demonstrated  that  the  poisonous  pro- 
perties of  septinous  blood  and  of  other  decampoBing  animal 
solutions  gradually  disappear  towards  the  third  or  fourth  day,  a 
fact  which  ia  scarcely  reconcilable  with  the  doctrine  that  the 
poison  resides  in  the  apparently  almost  imperishable  '  spores '  of 
the  bacilli  which  existed  during  the  earlier  stages  of  decomposition. 
A  like  feature  characterises  the  virus  of  splenic  disease,  of  sinall- 
pox,  and  of  syphilis.  HiUer,*  in  summarising  the  resuUa  of 
filtration  of  septinous  fluids,  writes  that  the  most  decisive  ex- 
periments have  demonstrated  that  after  filtration  through  fiudy 
porous  material,  snch  as  charcoal,  porous  earthenware,  compressed 
wadding,  &c.,  until  the  fluids  have  been  shown  to  he  absolutely 
free  from  visible  molecules  of  every  description,  they  are,  never- 
theless, still  competent  to  induce  all  the  symptoms  which 
characterised  their  action  before  such  filtration.  These  results 
Biller  says,  were  arrived  at  by  Panum,  Bergmann,  Weidenhanm 
"Wolff,  Kiissner,  and  others, 

To  the  first-named  of  these  observers  belongs  the  merit  of 
having  contributed  some  of  the  earliest  and  most  valuable  oh- 
l^vatioDS  which  have  been,  hitherto,  recordedin  connection  with 
'le  nature  of  the  poison  existing  in  certain  solutions  of  decom- 
posing animal  matter.  Panum's  researches  were  pubhshed  so 
far  bafk  us  l^^)j,  bul  h.niiig  orit;iiiall_v  appeared  in  Danish  they 
had  for  several  years  been  to  a  great  extent  overlooked.  They 
were  brought  more  prominently  into  notice  on  their  publication  in 
1874  in  '  Virchow's  Archiv.'  In  1S75  ^  Dr.  Cunningham  and 
myself  drew  attention  to  these  experiments,  as  we  have  found  that 
the  results  of  observations  made  by  us,  with  a  like  object,  based 
on  a  series  of  experiments  which  included  the  inoculation  and 
dissection  of  about  170  dogs,  were,  in  so  far  as  they  were  com- 
parable, almost  in  complete  accord  with  those  which  had  been 
obtained  by  this  distinguished  experimentalist. 

Panum  found  that  the  coaguluin  produced  by  boiling  a  sep- 
tinous fluid  was  more  virulent  than  the  fluid  itself.  The  principal 
facts  demonstrated  by  him  may  be  thus  summarised  :• — 

(1) — That  the  perfectly  clear  fluid  which  may  be  obtained  by 
filtering  solutions  of  putrefying  animal  substances  through  several 

1  "Houvelles  recherobcs  sur  faction  dea  nialiferes  putrides  et  Bar  la 
Bepticeoiie."  'Bulletin  de  I'Acadimie,'  October,  1873;  cited  bj  Bitch- 
Hinchfeld,  1.  c,  p.  174. 

■  "  Ueber  puttides  Gift,"  '  CentrnLblatt  fur  Cbimrgie,'  Not.  10, 11,  ud 
12,1870. 

Cholera :  Mlcroicopicol  and  Pb;aioloftical  Retearali«i,'  8eriei  II. 
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■  of  filtering  paper  would  induce  the  characteristic  symptoms 
e  same  kino  as  the  unEltercO  material. 

(i) — That  boiling  such  a  fluid  for  even  H  hours  would  not 
materinllT  impair  its  toxic  jiroperties. 

(3)  — 5list  althougii  an  alcoholic  extract  of  such  n  fluid  proved 
to  be  inert,  the  virulent  action  of  a  tpatcry  extract  of  the  same 
fluid  was  very  intense, 

Pbdudi  therefore  coiicludefe  that  a  fluid  which  can  retain  ite 
specific  property  after  being  filteretl,  boiled,  evnporated  to  dryness, 
and  the  residue  digested  in  cold  and  in  boiling  alcohol,  then  re- 
dissolved  and  again  iiltered,  cannot  owe  this  property  to  living 
orRaoisms  of  anv  kind. 

in  186j  Dr.'  W.  B.  Richardson  showed  that  the  sero-san- 
guineous  fluid  from  the  peritoneal  cavity  of  a  person  suffering 
from  pyemia  would  coaimunieate  fatal  disease  from  one  animal 
to  another  iu  a  direct  series,  and  that  the  poison  (designated 
"  teptinc  ")  which  effected  this  could  be  macle  to  combine  with 
acids  BO  aa  to  form  snita  wliich  retained  the  poisonous  qualities  of 
tb«  origiotl  substance.'  A  few  years  later  (ll:*OS),  Bergmann 
sncceeded  in  obtaining  apparently  a  eimilar  substance  and  named 
it  Sepa'iH,*  This  poison  mduced  symptoms  of  a  like  character  to 
what  «c  induced  by  putrefying  solutions,  and  was  frequently 
even  more  fatal,  in  very  smalt  doses.  Still  it  appears  to  reproduce 
■vrnptoms  exactly  similar  to  the  original  material,  in  this  respect 
diffcriue  slightly  from  Panum's  "  putrid  extract,"  which  repro- 
duces the  ordinary  symptoms  of  septic  poisoning  without  any 
modification  whatever. 

To  Ftstenr  and  his  adherents,  who  ascribe  what  may  bealmoat 
tenoe<I  supernatural  nowers  of  resistance  to  the  "resting  spores" 
of  onthrncoid  and  other  disejises,  the  facts  adduced  in  the  fore- 
going paragraphs  can  carry  but  little  weight.  But  another 
sciies  of  phenomena  have  been  recorded  which  point  in  the  same 
direction.  It  has  beun  shown  that  the  living  tissues  of  the  body 
will  under  certain  conditions,  when  irritated  by  means  of  purely 
chiinicai  irritants — such,  for  eiamitlp,  as  a  strong  solution  of 
iodincor  Liquor  ammonia — secretes  lluid  which,  when  tranvferred 
from  animal  to  animal,  proves  not  one  whit  less  virulent  in  ita 
properties  than  an  exudation  which  has  rctulted  primarily  from 
Uie  introdaction  into  the  system  of  material  which  has  swarmed 
with  bacilli.  Oiuervalioiis  to  this  eff'ect  have  been  published  by 
mcny  observers,  and  Dr.  Cunningham  and  myself  have  pl.iced  on 
record  that  ve  found  a  large  number  of  bacteria  in  the  Dlood  of 
a  dog  which  bad  died  as  a  result   of  such  chemical  irritants. 


medioin.  Wiuenscb.,'  LS6S,  p.  197  ;  eiltd  b; 
op.  dt. 
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These  bacteria  coald  not  have  been  the  cause  of  deaths  uor^  most 
assuredly^  could  they  have  derived  their  origin  from  the  liquor 
ammonia  which  had  been  resorted  to  to  excite  the  inflammatorj 
process. 

It  would  seem  from  these  results  that  the  living  tissue  elements 
of  the  body  itself  play  a  much  more  important  part  in  the 
elaboration  of  septinous  and  allied  poisons,  than  what  has  been 
of  late  ordinarily  ascribed  to  them. 

Such^  so  far  as  I  have  been  able  to  learn,  are  the  main  facts 
which  have  been  recorded  with  regard  to  the  microphytes  of  the 
blood  in  health  and  in  diseased  conditions. 

Calcutta ; 
August,  1878. 


Observations  on  the  Glandular  Epithelium  and 
Division  of  Nuclei  in  the  Skin  of  Newt.  By 
E.  Klein,  iM.D.,  F.R.S.    (With  Plate  XVIII.) 

In  number  17  of  the  *  Centralblatt  f.  med.  Wiss.,'  1879,  I 
have  described  giant  nuclei  of  the  huge  epithelial  cells  lining 
the  large  saccular  glands  of  the  Bkin — tail — of  newt  {Triton 
cristatus).  I  have  shown  that  these  nuclei,  when  examined 
fresh  in  aqueous  humor  of  frog,  show  an  exceedingly  distinct 
network  of  more  or  less  uniform  fibrils  and  trabecular ; 
owing  to  the  large  size  of  the  nuclei  their  network  can  be 
seen  in  all  its  details  even  under  a  low  power.  .  Many  of 
these  giant  nuclei  show  in  the  network  of  the  highly 
refractive  fibres  and  trabecula;  cylindrical  or  irregular 
accumulations  corresponding  to  nucleoli,  others  are  free  of 
them.  I  have  also  shown  that  both  the  nucleoli,  when  they 
exist,  and  the  fibrils  and  trabecnlcc,  possess  vacuoles  ;  and 
further,  that  on  the  warm  stage  the  intranuclear  network 
shows  contraction,  whereby  the  outline  of  the  nucleus 
changes  in  a  similar  manner  as  in  cells  while  undergoing 
amoeboid  movement. 

Of  the  gland  cells  themselves  I  have  mentioned  that  they 
likewise  show  amcrboid  movement,  in  the  course  of  which 
larger  or  smaller  knobs  are  ])ushed  out,  which  become  with- 
drawn or  constricted  off  altogctlier,  and  then  move  inde- 
pendently. These  cells  are  also  in  other  respects  remarkable, 
viz.  that  they  are  capable  of  ejecting  their  nucleus  (the 
above  giant  nucleus),  and  after  this  continuing  their  move- 
ment. Some  of  them  arc  filled  with  discoid  or  spherical  fat 
molecules  of  various  sizes,  and  they  are  capable  of  ejecting 
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wiih  n  Budden  jerk  the  whole  or  part  of  their  fnt  molecules 
iind  continuing  afterwards  their  am<Eboid  movement.  The 
above  giant  nuclei  vary  considerably  in  size,  the  stiiallcst 
being  21  by  28  ^  (0-021  by  0-022  mm.),  the  largest  126  by 
•T9;<  (0-126  by  0-129  mm  J. 

Their  shape  is  very  various,  some  being  spherical,  others 
1   or  egg-shaped ;   the   largest   eAamplea   are   oval   and 

jhtly  compressed.  This  latter  condition  is  REcertained  in 
vertical  sections  through  the  glands  when  the  lining  epithe- 
lial cells  and  their  nucleus  present  themselves  in  profile  view. 

The  intranuclear  network'  contains  fibrils  of  various 
thickness,  either  uniform  or  possessed  of  irregular  thicken- 
ings, and  larger  gr  smaller  trabeculse.  Difierent  parts  of 
one  and  the  same  nucleus  vary  greatly  in  this  respect.  The 
intranuclear  network  presents  itself  in  its  best  form  in  the 
perfectly  fresh  and  living  nuclei,  that  is,  in  nuclei  that  on 
(he  warm  stage  (in  blood  or  humor  aqueous)  show  the 
amoeboid  movenieni.  Treated  with  reagents,  the  network  is 
less  distinct.  Sections  obtained  of  tail  hardened  with 
chromic  acid  or  picric  acid,  or  a  mixture  of  picric  acid  and 
osmic  acid,  and  subsequently  stained  in  carmine  or  heema- 
toxylin,  show  in  some  of  the  nuclei  a  distinct  network,  in 
others  it  is  not  so  easily  perceived ;  but  even  in  the  best 
«>»mples  the  network  is  incomparably  less  perfect  and  clear 
than  in  the  fresh  state  under  the  above  conditions. 

The  arrangement  of  the  network  varies  very  much ;  it  is 
ftther  a  more  or  less  uniform  reticulum,  or  the  fibres  of  the 
]>eripberal  part  of  the  network  are  arranged  in  a  transverse 
manner,  so  as  to  give  it  the  appearance  of  a  "  basket,"  or  its 
fibrils  and  trabcculie  are  more  or  less  radiating  towards  a 
central  point  or  central  line.  Of  great  interest  are  those 
forms  which  consist  of  two  nuclei  joined  by  a  broader  or 
narrower  neck  through  which  the  fibrils  of  the  network  of 
one  pass  into  that  of  the  other. 

When  the  gland  celts  possess  two  nuclei  these  are  either 
completely  separated  or  in  the  state  just  mentioned.  The  nuclei 
with  this  latter  quality  arc  generally  the  smaller  examples. 
Some  of  the  giant  nuclei,  both  the  smallest  as  well  as  the 
largest, in  fresh  as  well  as  in  hardened  specimens, are  possessed 
of  several  larger  or  smaller  knob-like  projections,  whereby  the 
outline  becomes  notched  and  the  nucleus  looks  as  if  lobed. 

Id  figures  2,  S,  4,  5,  6,  and  7  1  have  represented  several  of 
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1  MfpoiEl;  avoid  the  expression  "  rnmework"  (fteriintc)  used  by  Flem- 
T,  oal  uae  Ilie  term  (intruiucUar)  network ;  the  Ibruier  ii  bad,  (or  the 
.jie  mwH  tlisl  tbt  network  b  Uie  clii«f  and  living  put  of  ibe  auoleiu  : 
una  "framework  "  (eecuste)  impilu  a  psatifc  stroma. 
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the  more  characteristic  forms  of  these  giant  nuclei  examined 
in  llie  perfectly  fresh  stale  on  the  warm  stage.  Those  in 
fige.  2,  3,  aQcI  6  show  the  basket-shaped  arrangement  of  the 
intranuclear  network.  Figs.  4  and  7  are  probably  dividing 
forms.  Fig.  7  had  been  observed  on  the  warm  stage,  and  it 
showed  slight  amceboid  movements. 

The  large  thickenings,  nucleoli,  in  figs.  S  and  3  contain 
vacuoles  just  like  some  of  the  broader  trabeculee  of  the 
network. 

<  The  interstitial  or  interfibrillar  substance  of  the  intra- 
nuclear network  is,  in  the  fresh  state,  quite  homogeneous,  but 
not  fluid,  as  can  be  readily  ascertained  by  applying  pressure 
to  the  preparation.  The  limiting  membrane  becomes  then 
indistinct,  and  the  nucleus,  as  a  whole,  greatly  flattened; 
the  parts  of  the  reticulum  are  then  seen  embedded  in  a 
distinct  homogeneous  matrix,  the  refractive  power  of  which 
is  higher  than  the  fluid  menstruum,  but  lower  than  the 
reticulum.  After  hardening  bits  of  tail  in  chromic  acid  (^ 
per  cent.)  or  picric  acid  (two  or  three  parls  of  saturated 
solution  of  picric  acid  and  one  of  water)  and  staining  the 
sections  in  carmine  or  h^ematoxylin,  the  interstitial  substance 
appears  slightly  stained  in  some,  more  deeply  in  others.  In 
the  first  instance,  the  intranuclear  network  appears  in  aHl 
its  delicate  details  ;  in  the  latler,  it  is  difficult  to  ascertain 
the  fibrils  of  the  network,  and  sometimes  it  even  looks  as  if 
it  were  altogether  absent,  the  whole  nucleus  being  composed 
of  a  uniformly  and  deeply  stained  interstitial  substance. 

If  bits  of  tail  be  treated  with  osmic  acid  (especially  in  the 
shape  of  a  mixture  with  picric  acid),  and  the  sections  be 
stained  in  hsematoxylin,  the  interstitial  substance  appears 
uniformly  and  finely  granular,  and  hence  greatly  interferes 
with  the  distinctness  of  the  network. 

The  epithelial  cells  lining,  or,  rather,  filling  the  large 
saccular  or  tubular  glands  situated  in  the  tissue  of  the  tail 
and  opening  by  means  of  a  very  narrow  canal  through  the 
epidermis  on  the  free  surface,  are  of  a  very  huge  size,  and  of  a 
nature  different  from  what  they  have  been  represented  by 
Leydig  (' Archiv  f.  mikr.  Anat.,'  Band,  xii.,  p.  210).  Thi 
observer  describes  them  (of  CoectYioand  Salamandra  maculota) 
as  composed  of  (a)  the  cell  proper,  viz.  a  protoplasmic 
portion  containing  the  nucleus,  and  (b)  a  frothy  excretion 
attached  to  t]ic  former;  the  cell  proper  is  placed  against  the 
membrana  propria  of  the  gland  sac,  whereas  the  latter  is 
directed  towards  the  duct. 

I  find  the  cells  filling  the  gland-sacs  in  the  tail  ot  newt 
considerably  differing  from  this  description.    In  some  gUndi 
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llic  oullioes  of  the  individual  cells  cannot  be  distinguished  ; 

in  others  ihey  appear  of  the  nature  ns  represented  in  fig.  1  of 

Plate  XVIII,  viz.  of  various  sizes;   their  shape  is  eithnr 

cylindrical  or,  more  commonly,  truncated  and  conical,  with 

their  hate  Eiiuated  on  the  menibrana  propria.     Some  appear 

uniform,  others  consist  of  (a)  a  transparent,  apparently  finely 

granular  snbslance,  forming  about  one  lialf  of  the  cell  in  a 

_,.,^)Ogitudiiial  direction;  (i)  the  other  half  is  less  transparent, 

L^hilBg  filled  with  coarse,  highly  refract  ire  particles.  In  sections 

^^^E-liaTdened  specimens    (especially  picric   acid  specimens) 

ijHblncd  with  hffimatoxylin  or  carmine  the  former  is  seen  to 

oe  an  exceedingly  dense  network  of  very  minute  fibrils,* 

whereas  the  latter  contains,  in  the  meshes  of  a  network  of 

curved  and  twisted  fibrils,  real   granules  and  particles  of 

various  sizes.     The  nucleus  is  situated  in  many  instances  in 

the  trantparent  part,  but  next  the  membrana   propria ;  in 

others   it    lies    partly   in    the    transparent,    partly   in    the 

granular  portion,  and  in  still  others  it  belongs  almost  entirely 

to  the  latter.     See  fig.  1,  Plate  XVIII. 

Other  cells,  especially  those  n«ar  the  duct,  i.e.  the  fine 
nuial  passing  through  the  epidermis  and  formed  by  a  single 
layrr  of  6attened  nucleated  cells,  are  almost  completely 
filled  with  spherical  or  elliptical  or  discoid  globules  of  a 

'  Sfitakine  <i(  llie  epitlielinl  cells  liaing  the  glaiuls  of  the  clcwca  of 
Triton,  LrTOig  (I.e.,  p.  SlSl  mjs,  "The]|  possess  a  vacuolateil  frotliju^t. 
Arter  rMg'cnti  and  a»ing  iiigh  povcr»,  it  can  be  ucertsined  ibnt  Uiis  it 
(Idc  la  a  ItEllis-  or  network  permeniina;  tl^  interior  of  ttie  cell,  tiiat  il  origin- 
airs  from  llie  protoplums  surrounding  Uie  nucleus,  and  tijat  tlio  Ur^r 
tnbKuhE  Btart  ai  it  were  io  s  radial  direclioa  from  tbe  nacleBs  wbile  tha 
fiaei  OHM  lie  io  the  peripberj  of  the  eell-nall." 


"  Tbn  pceoliat  strncturo  of  Uir  cell  urj  be  pisced  »ide  bj  aide  witb  wliat 
I  oomniDDicatcd  ten  jeara  ago  of  certain  JKrgc  uucici  of  Ibe  aaaic  animal." 
.  .  .  .  "Ten  jear*  ago"  would  correspond  to  llie  year  1SC5 — tbe 
•bi>T«  arlide  hstbg  been  cridenttj  written  in  1S73— and  llie  eoniiinni- 
""*■""   ~ '         'Vom  Bau  d.  Tlieriicben  Kuri>ers,'  a  work  wiiidi  I 


r«int  Bol  1«  be  able  to  ura 

L^iC  eondiiUM :  "  And  1  maj  oini 
f  tbe  edJ  ma;  hare  a  mucli  greater  dislj-ibution ;  at  nnj  ralr,  1  am  idile 


L^dic  eondiiUM :  "  And  I  maj  oinressl;  mention  liial  thii  structure 


to  iM  fKOtai]  tlic  tame  alruelurc  in  the  coloured  blood-corpuscle  a  of  Ike 
Hme  ■■pbHiiaii  sjMeies  after  nclins  ujKtu  ibem  witb  Muller  a  fluid ;  also 
ben  a  Snc  Irellnwork  passea  radiail;  from  the  nucleus  to  the  periphery  of 
tbe  eeU,  and  al  lirtt  aigbl  preseuls  lUelf  m  'granulation.' "    It  appears 


tnm  tills  that  Leidig  was  the  Qrst  tu  recognito  the  reticular  atniclurc  of 

ptoteplatD  and  of  tbe  aiibstancc  of  coloured  lilood -corpuscles,  having  ni 

liooM  il  already  in  1505,  l>cfnrc  Frommann  1SG7  and  Heilzniann  1:473. 


It  b.  kuwncr,  impoHant  to  add  Lbal  Lcjdig,  as  appears  further 
p.  it7),  rcgvdi  tliis  (clionlar  ttructure  uierelr  as  "  a  ccrlaia  ttaii»fomia> 
lion  of  Iba  nrot^dasm  in  couaequeaec  of  the  appcaranoo  of  numcraui 
f  IlifT"    Tita  tn^MoIar  or  spongv  nia.tler  r«pc«tetiU  "remains  d(  Um 

*  '    '       '     '      I  attached  to  tbe  Mil-meinbrane.'* 
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as  wirmiin.t-ng-  die  ^{aiui'^ — or  its  ranCiactiaa  will  be 
eafuuiie  <it'  ^fecdng  ^  <iiaciur^  of  die  cell&  themseiTes  next 
cli«  'fact.  Ii  1  piece  af  ail  ,«!iile  Iirina  be  ifazDwn  into  > 
hariieninz  duid  iz  is  hz  Nine  dme  aco^rely  aonn^  and  the 
staiic^  r)i  chf  epidermis  becomes  coTereii  witb  ■tinnte  white 
tpou.  Secdona  prove  tliai  chiese  zre  diariuzjed  gluid-eeUe 
aiul  cbeii  :ecxetioas  Ijin;  u  the  moadi  of  tbe  dacts. 

The  futi  that  all  cells  Ij^Jng  tiiese  nccnlaz  ginnds  sbo* 
anuxboid  moremesE  on  the  wsim  Ma^,  farther,  the  unequal 
•izft  r,f  these  celU  Csome  are  many  times  b^ger  than  others), 
and  Mtmn  of  them  containing  two  noclei,  indicate  that  re- 
ptodoction  t»  going  on  amoDgst  them,  in  rader  that  those 
that  become  loat  may  be  replaced  by  others. 

Leydig  >Ute>  (t.  c,  p.  138)  that  the  epidermis  of  all  am- 
pbibian  animals,  like  that  of  all  other  vertebrates,  coaeists 
of  a  stratum  comeum  and  rete  mucosum. 

A  KCtion  through  the  skin  (of  the  tail)  of  newt  {Triiw 
crittatut)  shows  that  this  is  not  the  case,  inasmuch  as  the 
epidermis  does  not  contain  anything  of  a  stratum  comeum, 
ai  geoerallj  understood,   and  also  by  Leydig.     In  a  trans- 
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sectioa  through  tail  of  newt  we  notice  t1 
mh,  whose  thickness  amounts  to  0081  to  0094  mm.,  shows 
a  deep  stmlum  cooaisting  of  one  or  two  layers  of  cells  elon- 
gated vorlically  to  the  surface,  their  nucleus  is  generally  ovaf 
then  follow  two  to  three  layers  of  polyhedral  cells,  their  nu- 
cleus is  generally  round,  in  some  instances  ova!  in  a  hori- 
zotital  direction ;  and,  finally,  one  or  two  layers  of  fiat  cells, 
their  nucleus  being  flattened  horizontally  and  deeply  stained 
iu  hsematoxylin.  The  top  layer  is  always  very  highly  refrac- 
tive, and  as  such  differs  in  a  conspicuous  manner  from  the 
transparent  layers  underneath.  Some  preparations  show 
in  some  places  two  such  layers  of  highly  refractive  cell  plates, 
in  others  only  one,  and  still  in  others  we  see  one  such  layer  in 
the  act  of  detaching  itself  from  the  layer  underneath.  The 
outlines  of  the  cells,  especially  those  of  the  middle  strata 
are  striated, numerous  fine  dbrila  passing  from  the  substance 
of  one  cell  into  that  of  its  neighbours,  prickle  cells.  In  pre- 
parations obtained  from  bits  of  tail  hardened  in  a  ~  per 
c«nl.  solution  of  chromic  acid,  these  connecting  fibrils  are  in 
many  places  of  excessive  length,  the  cells,  probably  through 
shrinking,  having  become  separated  from  each  other  to  a 
much  greater  extent  than  is  ordinarily  seen.  .\nd  here  ihe^e 
fibrils  are  distinctly  seen  to  pass  directly  from  the  reticulated 
substance  of  one  cell  into  that  of  its  neighbours,  as  I  de- 
scribed and  figured  it  of  the  cells  of  stratiBcd  epithelium  in 
a  paper  in  the  April  number  of  this  journal. 

Passingly  I  may  mention  the  numerous  migratory  celts, 
with  their  folded  and  constricted  nuclei,  sometimes  drawn  out 
in  fine  filaments ;  further,  the  branched  connective- tissue  cells 
with  an  oblong  nucleus,  and  containing  occasionally  pigment 
granules,  all  these  structures  being  found  in  the  intercellular 
cement  substance  of  the  epidermis. 

The  variability  of  the  highly  refractive  top  layer  of  cells, 
vix.,  whether  one  or  two,  finds  its  ready  explanation  in  the 
fact  easily  noticed  on  observing  newts  {kept  in  water) 
fur  several  days,  viz.  that  the  cuticle  is  shed  in  form  of 
a  thin  transparent  membrane.  By  keeping  several  ani> 
mals  in  one  vessel  it  is  difficult  to  exactly  estimnta 
the  rapidity  and  extent  of  this  process  of  shedding,  but  if 
each  ammal  be  kept  isolated,  it  can  be  observed  much 
easier. 

The  following  table  shows  the  exact  rapidity  with  wliicli 
four  adult  newts  shed  their  cuticle  while  observed  during  May 
and  beginning  of  Jtine,  the  animala  being  kept  aeparnlely  in 
clear  water : — 
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FcmAlc.  No.  1  .  .  Maj    I  .    7  ■  IS  .  ID  .  S3  .  97  .  Jnrt^^H 

Female,  No.  2  .  .  Mnj  31  .  SS  .  31  .  Jane    n  .  13.  ^^B 

Mole,  No.  1     .  .  Mav    3  .    0  .  U  .  SO  .  3S  .  !9  .  luna^^l 

Miil(<,  No.  i  .  Mr;  !1  .  !5  .  June    1  .     S  ,  19.  ^^H 

The  figures  imlicate  the  day  when  the  cuticle  ia  raisi^^H 
R  thin  tTiinsparent  film  over  the  n-hoU<  body  of  the  ftn^^^H 
a  slight  touch  hringe  it  down  in  Inrge  flakes,  but  with  A  ^^H 
can*  it  can  be  removed  as  a  whole,  that  of  the  tail  mm- 
toes  included.     The  first  apjiearanco  of  the  shedding  in  tlra 
above  animals  is  noticed  already  after  two  or  three  days,  the 
glistening  surface  of  the  body  hecomiiig  more  or  lost  dis- 
tinctly cloudy.     This  gradually  increftGca,  and  after  a  day  vt 
two  we  notico  a  [bin,  transparent  membrane  becoming  rais«d 
over  the  head,  dorsum,  niul  abdomen,  when  viewed  in  profile 
in  transmitted  light.     This  rapidly  increases,  and  we  soon 
sec  the  whole  animal  enveloped  as  it  were  in  a  bag  formed 
by  that  thin  membrane,  and  raised  above  the  surface  of  l>* 
niiimal  to  a  different  exleyit  in  different  parts.     Thm 
mostly  raised  on   the  head  nnd  extends  gradually  hend 
wards  the  posterior  exireniilies.     The  "  bng  "  is  open  C 
spending  to  the  oral  clefl,  and  probnbly  the  water  gcltti 
at  this  opening  gradually  raises  mcchnnically  the  bagM 
the  surface   of  the  animal  while  this  is  swimming  ■ 
head,  of  course,  foremost. 

The  cuticle,  when  shod,  preserves  the  ehurnctcr  of" 
surface  of  the  different  ports  of  the  body,  the  pnrt  derived 
from  the  dorsum  showing  the  uniform  impressions  of  the 
•'wart8,"thnl  from  the  abdomen  showing  a  transverse  arra 
ment  of  these   impresssions,  that  from  the   tail  and  J 
being  more  or  less  smooth. 

The  cuticle  either  shed  or  removed  by  means  of  a  f 
can  be  at  once  placed  into  hicmoloxylin,  and  after  stli 
it — which  it  does  readily — can  be  floated,  as  siniill  segnf 
on  to  a  glass  »l!de  and  mounted  in  glycerine.' 

Under  the  microscope  the  cuticle  presents  itself  as  a  B 
layer  of  beautiful  transparent  squamous  polygonal  epilhelii 
cells,  each  with  an  oval,  or  sometimes  round,  nucleus  that 
tukes  the  staining  very  well,     Some  colls— not  niBuy^p* 
sesB  two  nuclei.     According  lo  the  nature  of  the  surf  "~ 
the  part  of  the  body  from  which  the  cuticle   is  dcrivi 
whether  smooth   or  with  warts,  we  notice  its  surface  i 
smooth,   or  groups    of   cells  are  raised  into 
larger  convexity. 

'  Tbo  cuticin  of  newt  tliut  stsintd  is  a  msterisl  wri)  suileil  I 
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The  thickness  of  the  cells  is  about  0*004  min., 
nhoiit  003  to  004  mm. 

The  cell-BubsliiiJce  ie  generally  not  deeply  stained,  and 
contnina  few  pigment  (;rauules  around  [he  nucleus. 

As  a  rule,  the  cells  forming  the  convex  sections,  i.e. 
POTtesponding  lo  the  surface  of  the  warts,  are  deeper  stained 
tlinn  tDOse  between ;  the  cells  of  the  cuticle  corresponding 
to  the  front  part  of  the  head  are  also,  as  a  rule,  more  deeply 
stained  than  those  of  the  neck.  Some  of  the  cells  contain 
one  or  more  larger  or  smaller  holes  (vacuoles),  probably  signs 
of  degeneration  ;  they  were  noticed  in  the  superBcial  cells 
of  other  amphibia  by  F.  E.Schulize  ami  Eberlh.  The  cells 
are  separated  by  n  very  well  marked,  highly  refractive  linear 
interstitial  ^ubstance^  either  straight  or  more  or  less  curved 
anil  sinuous.  The  cells  possessing  a  certain  thickness,  and 
their  lateral  margins  not  forming  quite  a  vertical  plan, 
but  arc  more  or  less  slanting  one  way  or  the  other,  it 
follows  that  when  looking  at  the  cuticle  from  the  surface 
we  tee  that  the  separating  lines,  viz.  those  marking  the 
uargiuB  of  the  individual  cells  of  one  surface  do  not 
coincide  with  those  of  the  other.  In  connection  witb  this 
cuticle  we  notice  numerous  short  tubes,  some  ihin,  others 
brokd,  opening  with  a  small  mouth  belivm  the  cells.  Tiieir 
length  is  about  004  mm.,  and  their  breadUi  is  about  0018 
or  0*027,  according  to  whether  they  belong  lo  the  narrow  or 
broad  variety.  These  tubea  are  made  up  of  a  transparent 
membrane  finely  and  indistinctly  longiiudinnlly  striated,  and 
showing  a  compressed  nucleus  at  or  about  the  opening. 
Thew  structures  represent,  therefore,  one  or  two  flallcncil 
cells  rolled  into  a  tube.  In  some  instances  I  can  recognise  ihu 
linear  suture.  I  need  hardly  add  that  these  tubes  are  the  ducts, 
or  part  of  them,  of  the  numerous  glands  of  the  skin,  shed 
rimtiliant'ously  with  the  cuticle.  The  length  of  these  tubes 
being  lew  than  half  the  thickness  of  the  whole  eiiidftmis, 
iireit  of  hanlened  specimens,  it  follows  (hat  part  only  of  the 
glandular  ducts  is  shed  with  the  superficial  layev  of  the 
epiderrois. 

[n  connection  with  these  ducts  there  may  be  seen  occasion- 
ally one,  two,  or  three  surrounding  epithelial  cells  removed 
from  the  subjacent  layer  of  the  epidermis.  There  can  be, 
therefore,  no  doubt  that  the  moat  superficial  layer  of  the  epi- 
dermis, whether  still  belonging  to  this  latter  or  already 
uraled,  is  composed  of  nucleated  squamous  epithelial  cells, 

of    non-nucleated   horny    "  cuticular    excretions," 
'iDiained  by  Leydig  (I.  c.)  for  all  amphibia, 
'eegng  then  that  there  exists  in  the  adult  newt  a  conti- 
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Duoos  and  rapid  shedding  of  the  superficial  layer  of  the  cells 
of  the  epidermis,  it  naturally  follows  that  a  corresponding 
continuous  aiid  rapid  new  formation  of  epithelial  cells  takes 
place,  and  accordingly  I  investigated  the  epitlemiis  in  sections, 
in  order  to  find,  as  I  expected  to  find,  signs  of  division  of 
cells  and  their  nuclei.  The  adult  newt  being  an  animal 
easily  procured  during  the  greater  part  of  the  year,  and  its  ele- 
ments being  considerably  larger  than  most  other  vertebrates, 
easily  accessible,  would,  therefore,  be  s  good  object  for 
studying  those  exceedingly  interesting  phenomena  accom- 
panying the  division  of  nuclei,  as  first  described  by 
Strasburger,  Biitschli,  Mayzel,  Eberth,  Hertwig,  Aucrbacb, 
Italfour,  and  especially  very  recently  in  the  beautiful  obser- 
vations of  Flemming,  Schleicher,  and  Peremeechko.  My 
expectations  were  fully  realised  by  the  examination  of  the 
epidermis  of  the  adult  newt,  and  I  will  here  describe  the 
appearances  presented  by  the  dividing  nuclei  of  the  epider- 
mis very  briefly,  since  my  observations  in  many  respects  fuily 
coincide  with  those  of  Flemming  and  Peremeschko,  observed 
by  the  former  in  Salamandra  maculosa  and  its  embryo,  by 
the  latter  in  the  embryo  of  Triton  crislatut.  Following  the 
plan  of  Flemming  ('  Archiv  f.  niikro  Anat.,'  Bud.  xvi,  p. 
363),  I  hardened  my  object  in  picric  acid  or  chromic  acid 
and  stained  it  afterwards  in  hfematoxylin,  and  I  found  it 
very  good  for  the  demonstration  of  the  different  forms  of 
dividing  nuclei.  The  picric  acid  I  used  is  a  mixture  of  two 
or  three  parte  of  a  saturated  solution  and  one  part  of  water, 
the  chromic  acid  is  a  ^  pet  cent,  solution.  Bits  of  tail 
— about  i  or  i  inch  long — are  placed  in  either  of  these 
fluids  and  kept  there  for  seven  to  ten  days,  they  are 
then  placed  for  a  short  time  (}  of  -^  hour)  in  spirit,  em- 
bedded and  used  for  cutting  fine  vertical  sections.  These 
are  thoroughly  washed  in  water,  stained  in  very  dilute 
hsematoxylin  and  then  prepared  in  the  ordinary  way  for 
mounting  and  preserving  in  solution  of  Canada  balsam. 
The  sections  prepared  in  picric  acid  are  preferable  to  those 
in  chromic  acid,  although  the  latter  have  many  good  points 
about  them. 

The  phenomena  of  division  of  nuclei  to  he  observed  in 
these  specimens  are  confirmatory  of  the  statements  made 
by  Flemming  in  his  very  exhaustive  article,  in  which  be 
minutely  describes  the  aiflierent  changes  the  intranuclear 
network  undergoes  during  division,  as  observed  by  him  in 
the  living  state  and  efter  reagents.  In  the  same  paper 
Flemming  gives  an  exhaustive  and  critical  review  of  the 
observations  and  at;sertions  on  the  same  subjrcl  by  his  pre- 
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decessois,  and  I  cuii  therefore  omit  detailed    references  to 
otlier  observers. 

We  notice  in  such  a  section  that  the  nuclei  of  the  two 
deeper  layers  of  cells  are  oval,  and  placed  vertically  to 
ihe  surface ;  they  possess  a  sharp  limiting  membriine,  and 
contain  a  uniform  reticulum,  intranuclear  network,  varyinj 
between  the  reticulum  of  minute  fibrils  to  that  of  a  spongy  ' 
honeycombed  structure.  The  interstitial  substance  of  this  i 
reticulum  is  homogeneous  and  transparent  in  logwood.  There 
is  no  trace  of  any  nucleolus.  Division  of  nuclei  being 
limited  to  these  two  layers,  we  are  justified  in  considering 
them  as  in  a  ripe  slate,  and  we  have,  therefore,  here  much 
additional  evidence  that  (he  nucleolus  is  not  a  necessary 
feature  in  the  structure  of  a  nucleus,  and  that  it  is  alto- 
gelher  absent  in  nuclei,  thai  mav  be  regarded  as  ripe  and 
fully  formed  (see  figs.  8  aml'S.  Plate  XVIIl).  The 
nuck-i  of  the  middle  strata  of  the  epidermis  show  a  more 
or  less  distinct  reticulum,  and  in  it  larger  or  smaller  accu- 
mulations— nucleoli ;  the  interstitial  substance  is  homo- 
geneous, but  in  many  cases  more  or  less  stained  in  hiema- 
loxylin. 

In   all  cases,  however,  we  find   ihe   small,    bright   dois 
^Deluded  in  the  network  ;  these,  as  staled  by  me  on  so  many 
BCMions,  are  fibrils   of  the  reticulum   viewed    in    optical 
Ktion. 

Amongst  the  nuclei  of  the  two  deep  layers  of  cells  we 
notice  some  that  are  somewhat  larger  than  the  rest,  and 
contain  very  beautiful,  deeply  stained  fibrils,  either  twisted 
nnd  coiled  into  a  more  or  less  dense  convolution  (Flemming), 
or  arranged  like  a' basket  (EberCh),  viz.  most  fibrils  are  peri- 
pheral, and  have  a  transverse  direction  ;  hence,  the  surface 
of  ih^  nucleus  in  the  latter  case  shows  a  transverse  siriation. 
lutinbolh  instances,  viz.  the"convoIution"  and  the  "basket," 

e  fibrils  are  connected  into  a  network  (see  figs.  10 — 13,  I'l. 

nil).  The  membraneof  the  nuclei  showing  this  arrange- 
lent  is  less  marked  than  in  the  other  nuclei  of  the  ordi- 
nary kind,  appealing  not  as  a  continuous  structure,  but 
more  oi  less  due  to  the  close  position  of  the  fibrils. 

Thrso  forms  are  regarded  by  Flemming  ae  the  initial  stages 

I  Ihe  coming  division  of  the  nucleus.  1  do  not  find  anything 
It  Kould  be  contrary  to  such  an  explanation.  Like 
eniming,  I  find  all  forms  intermediary  between  the  ordinary 
eletis  as  above  described  and  the  enlarged  nuclei  witf 
onvolulions"  or  basket-shaped  arrangement  nf  the  ' 
icloar  network. 
In  tome  rateo  the  "convolutions"  are  very  dense,  ind 
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f  hence  mfttiy  of  the  fibrils  are  seen  endwise  ns  briglir 
I  "  granules."  This  ajijiearance  is  incorrectly  interprad 
I  by  Mnyzel,  Eberih,  and  especially  Schleicher  and  I'ereia 
echko,  who  describe  the  nuclei  as  at  firBt  contBinti 
"grRDules,"  wliieh  gradually  arrange  themselves  into  fibril 
I  am  at  one  with  Flemming  in  opposing  such  an  interpc 
tation,  since  I  maintain,  wilh  him,  that  before  the  Sbl| 
arrange  themselves  into  "convolution"  and  "basket,"  thi" 
is  alreaily  n  well-formed  reticulum  in  the  nucleus. 

Nui^li-i  of  this  kind  can  be  seen  in  the  deepest  Kud  in  I 
next  following  layer. 

Then  we  find   nuclei  somewhat   larger,  but  without  an 
limiting  mcmbnine  whatever  ;  they  may  be  described  wifl 
Flemming  ns  containing  decply-stnined  filaments  aiiangi 
in  the  shape  of  a  "rosette  "  or  '"  wreath  ;"  the  filan  •  iit«M 
I  ill  differinl  examples  of  difTprent  thickness;  they   furma 
I  loop  at  the  periphery,  and  approach  each  other  in  theceaB 
'  (see  figs.  14,  17  and  18).     Between  the  nuclei  with  "  ca 
volutions"  or  "  basket  "-shaped  arrangement  of  filameaj 
and  those  in  which  the  latter  form  a  "  rosette  "  or  "  vrroatll 
we  find  many  intermediary  forms.     See  also  Flemming,  l.i 
p.  S^Q,  and  the  beautiful  figures  on  Plate  XVII,  accompanfl 
ing  his  paper.  j 

Furilior,  we  pass  from  these  to  large  nuclei,  also  wiihog 
,  any  membrane,  in  which  the  deiply-slnincd  fibrils  n 
I  arrangi  d  like  a  single  aster  ("  Monaster"),  apparently  terin 
I  nating  freely  at  the  periphery,  but  connected  into  n  ccntn 
t  network.  Mr.  Bulfour  has  also  described  and  figured  tU 
I  form  as  the  "  stellate  variety  "  of  dividing  nuclei  of  u 
'  developing  ova  of  the  embryo  (this  Journal,  No.  Uxii,  j 
S^5).  Like  Flemming,  I  also  find  the  fibrils  of  ibia  tot^ 
'  as  a  rule,  much  thicker  than  in  any  of  the  preceding  OM 
(see  fig.  19).  . 

^cxt,  wc  trace  these  into  nuclei  without  a  membrane,  | 
which  the  fibrils  Ore  similar  in  appeaianco  to  the  prece^^ 
ones,  but  arranged  as  a  double  nsttr  "  (Dyastet) "  (see  fifl 
20,  ai,2«).  ■ 

The    majority  of  ihc  forms  described   a«  "roselte" 
"wreath,"  and  a«  "monaster"  nud  "dyasler,"  arc  foil 
amongst  the  deepest  layer,  but  occasionally  we  meet  on^fl 
the   other   of  them    in    the    next  followiu 
further  layer;  they  are  all  very  conspicuous  on  accounts 
their  size,  anil  owing  to  this  the  cell  itself  iji  very  mnT 
I  bulged  out  Uiernlly. 

I       In  the  "  dyaster,"  that  I  find  in  my  specimen*,  the  fitn 
[  of  one  aster  are  connected  with  those  of  the  other.     "" 
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<))'aBler  represeiits  a  more  or  less  elliptical  body,  at  the  poles 
of  which  the  fibrils  are  coDuected  iato  a  network ;  they 
pass  from  one  pole  to  the  other  as  isolated  longitudinal 
fibrils.  We  have  a  form  that  coincides  with  the  spinille  of 
~  Fisburf^er,  but  in  which  the  fibrils  form  a  network  at  the 
Flemming  has  figured  them  very  beautifully  on  his 
[ilea  XVI  and  XVn. 

B  axis,  ('.  e.  the  line  joining  the  poles  of  any  *'  dyaster," 

lies  in  most  instances  parallel  -with  the  surface  of  the  epi- 
dermis, and  only  in  few  instances  have  1  seen  it  more  or 
less  vertical.  This  is,  in  so  far,  of  interest,  as  it  proves 
that  in  many  instances  the  two  daughter  nuclei  [derived 
from  the  division  of  the  djnster),  and,  consequently, 
also,  the  two  daughter  cells,  do  not  lie  above  one  another 
in  a  line  vertical  to  ilie  surface  of  the  epidermis,  but  side 
■  Bide. 

B^hen  we  find  ihat  the  dyaster  divides  into  two  small 
iuate  monasters,  the  longitudinal  fibrils  running  from 
Be  pole  to  the  other  of  the  dyaster  dinding  in  the  middle 
one  by  one.  We  have  finally  two  small  nuclei  side  by  side, 
but  separate,  the  fibrils  of  each  possessing  the  arrangement 
of  a  monaster. 

I  find,  just  like  Flemming,  who  so  exhaustively  described 

ibem,  that  these  daughter  nuclei  undergo  the  same  changes  as 

the  mother  nuclei  did,  but  in  a  reverse  order,  viz.  passing  from 

the  state  of  monaster  into  iliBt  of  a"  rosette"  or  "wreath," 

frtMH  this  into  that  of  a  "basket"  or  "convolution,"  and, 

finally,  into  a  nucleus  containing  a  uniform   spongy  reti- 

^^flBlutn.     While  the  daughter  nuclei  undergo  these  changes, 

^^Hpept  the  last,  they  are  easily  distinguishable  from  similar 

^^^■■is  of  mother  nuclei,  owing    to   the   smnllness   of  the 

^^^nDerand  their  positions  in  couples  (sec  ligs.  H — 35,  PI. 

^TCVlII). 

Justasia  the  case  withmother  nuclei  in  the  stages  of  rosette, 

wreath,  and  monaster,  so  also  the  daughter  nuclei  of  the  ana- 

■Otis  forms  do  not  possess  any  membrane;  in  the   "  con- 

Btioo  "  and  "  basket "  of  daughter  nuclei  the  membrane  is 

9  indistinct,  and  is  also  liere  due  to  the  close  position  of 

ITfitmla. 

t  hat  been  mentioned  above,  the   majority  of  daughter 

i  lie  at  first  side  by  side,  i.  e.  in  an  axis  parallel  to  the 

it.     But  after  the    cell    substance   itself  has  beconif 

nded,  the  daughter  nuclei  gradiially  change  their  relative 

position,  the  (imaginary)  axis  joining  them,  rotating  so  as 

10  aMume  a  position  vertical  to  the  surface  of  the  e|iidtrmi*. 

The  daughter  nuclei  enclosed  in  a  still  nndiviij^* 
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generally  belong  to  the  deepest  layer,  but  they  soon  become 
I  shifted  into  the  next  following  Btratum. 

A  point  of  great  importance  is  the  relation  of  the  fibrils  of 

the  nucleus  in  the  different  stages  of  division  to  the  cell  sub- 

•  Btance  itself.     I  have  on  two  occasions  (this  Journal,  July, 

j  1878,  and  April,  1879)  referred  to  a  connection  of  the  fibrila 

I  of  the  intranuclear  network  with  the  reticulum  representing  , 

>  the  protoplasm  of  the  cell,  and  on  carefully  examining  my 

.  ipecimens  of  dividing  nuclei  1  find  that  also  the  fibrils  of 

these  are  intimately  connected  with  the  cell  substance.     The 

forms   mentioned  as  rosette   or  wreath,  but  especially   as 

monaster,  are  those  in  which — the  examination  being  greatly 

facilitated    by   the     absence     of    any    membrane — in    many 

instances   I    can   most   positively    see   a   direct   coimectioa 

between  the  fibrils  of  the  nucleus  and  the  reticulum  repre- 

eenting    the    cell    substance.      Such  a  connection  will   be 

found  represented  in  figs.  14 — 19  of  Plate  XVIII.     It  ia 

true  the  observation  requires  very  favorable  conditions,  via, 

the  nucleus  must  be  a  large  one,  mu$t  be  seen  on  its  broad 

surface,  the  light  must  be  good,  the  sections  thin,  and  the 

power  high.     Zeias's  new  oil  immersion,  -^  and  tV'  inch, 

have  proved  here  invaluable. 

The  fibrils  of  the  nucleus  taking  the  staining  very  deeply 
seem  at  first  altogether  distinct  h'om  the  surrounding  ceU 
substance,  which  is  cither  not  at  all  or  only  slightly  stained, 
but  nevertheless,  on  careful  inspection,  it  will  be  found  that 
the  fibrils,  especially  of  the  monaster,  although  they  appear  to 
terminate  singly  in  the  periphery  and  with  a  blunt  extremity, 
do  not  so  terminate  but  pass  on,  unstained,  into  the  reticulum 
of  the  cell  substance.  The  difference  of  the  fibrils  of  the 
nucleus  and  the  cell  substance  in  their  staining  power  is  no 
doubt  due  to  an  essential  chemical  distinction,  out  this  does 
not  necessarily  imply  that  the  two  substances  cannot  form  an 
anatomical  continuity.  Nor,  it  seems  to  me,  does  the 
observation  by  Schleicher  ('  Archiv  f.  mikr.  Anat.,'  Bd,  xvi., 
p.  261)  of  the  peculiar  state  of  contractility — "  karyokinesis  '* 
— of  the  nucleus  of  cartilage  cells  preceding  division,  nor  that 
by  Peremeschko  of  similar  appearances  in  the  dividing 
nucleus  of  epithelial  cells  of  embryo  Triton,  make  such  a  con- 
nectiou  between  cell  substance  and  nucleus  improbable. 

By  the  observations  of  Strieker  ('  Sitzungsber.  d.  k.  Akad. 
d.  Wiss.,'  Vienna,   June,  1877)   it  is  established  that   the 
nucleus  of  some  colourless  blood- corpuscles  possesses  con- 
tractility while  within  the  cell  as  well  as  after  separation 
enses,  although  of  very  great  mftgni^ing  power,  are  never* 
tbIIous  ill  ebarp  (lefiiution. 
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from  it,  and  it  is  likewise  established  by  Strieker,  that  the 
nucleus  of  those  cells  is  during  life  in  direct  anatomical 
continuity  with  the  cell  stibslance,  and  further  that  by  the 
appearance  of  a  membrane  a  central  portion  of  the  cell 
substance  becomes  temporarily  differentiated  as  nnclens.  I 
have  aUo  menlioned  on  a  former  page  that  the  giant  nuclei 
uf  the  gliind  cells  of  newt  show  local  contractions  of  their 
reliuulum.  The  connection  of  the  fibrils  of  the  dividing 
nucleus  with  the  cell  substance  and  the  contractility  of  both, 
seems  to  me  to  explain  also  the  peculiar  appearances 
Oescribed  by  Auerbach  as  "  karyolitic  figure  "  and  observed 
by  miiny  others  (Flemraing,  Fol,  Biitscbli,  Strasburger, 
O.  Hertwij^,  and  others)  in  dividing  nuclei  of  ovum  and 
other  cells,  viz.  a  radiar  arrangement  of  fibrils  of  what 
corresponds  to  the  cell  substance  towards  the  nucleus,  when 
single  as  well  as  after  division — in  the  former  case  as  a 
■ingle,  in  the  latter  as  a  double  "karyolyiic  figure,"  We 
have  to  assume  that,  owing  probably  to  contraction  of  the 
intranuclear  network,  the  fibrils  of  the  intracellular  reticulum 
are  drawn  towards  the  former.  Whether  at  the  snme  time 
an  exchange  of  the  two  substances  takes  place,  or  whether 
the  nucleus  alone  lakes  in  matter  from  the  cell,  it  is  difficult 
to  decide ;  both  seem  probable  from  theoretical  considerations 
so  thoroughly  discussed  by  Auerbach,  Strasburger,  Biitschli, 
Flemmiog,  and  Schleicher. 

A  point  not  less  interesting  is  the  question,  whether  the 
division  of  the  nucleus  takes  place  in  all  cells  of  the  epi- 
dermis  of  adult  newt  after  the  same  complicated  mannor 
as  described  in  the  preceding,  or  whether  there  is  in  addition 
another  simpler  mode,  so  otteii  mentioned  in  normal  and 
pathological  tiistology  as  that  of  simple  cleavage.  Flemming 
proposes  the  term  "indirect"  multi plication  of  the  nucleus 
for  the  former  complex  mode,  and  "direct"  for  the  latter 
simple  mode,  and  we  shall  accept  these  terms  in  the  following 

KriptioD. 

Auerbach  and  Eberth  accept  such  a  direct  moile  of  divi- 
,  Flemming  questions  it,  although  he  does  not  think  it 
^te  imposcible.  This  last  named  author  describes  forms 
r  nuclei  which  might  be  taken  as  indicative  of  simple  cleav- 
age, vii.  ordinary  nuclei  kidney-shaped  and  lobed,  or  beset 
with  mere  or  less  deep  constrictions ;  but  he  findi 

I  believe  that  these  arc  only   lempornry  appenram 
bably  to  movement. 
it  I  mentioned  on  a  former  page  the  very  rapid  shei 
thtf  superficial  layer  of  the   c«lls  of  the  epidei 
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me  to  examine  tlio  fpideniiis  with  reference  to  tbQ 
cess  of  division,  and  we  have  seen  that  iliviaion  of  n 
occurs  merely  in  tUe  deepest  or  the  next  following  l«i 
Considering  that  the  superficiiil  Inyer  of  cells  is  aliM  wi' 
five  or  six  days  (see  the  lahles  on  a  {irevious  page), 
should  be  justified  in  expecting  to  6nd  very  alniDi 
division  amongst  the  nuclei  of  the  deeper  layer.  T 
however,  is  not  the  case  by  any  means.  True,  som 
the  stages  of  indirect  division  described  on  a  former  pa^e 
according  to  Flemming  and  Peremeschko's  direct  obssr 
tions,  only  of  very  short  duration,  but  I  think  I  can  show 
that  all  forms  of  nuclei  indicating  such  divisions— from  that 
of  the  "  convolution  "  of  the  mother  nucleus  to  the  "convolu- 
tion" of  the  daughter  nucleus — do  not  represent  hut  a 
relatively  small  contingent,  not  sufhcient  to  account  for  the 
copious  new- formation  of  nuclei  and  cells  that  must  be 
going  on  in  order  to  defray  such  n  l'>8s  of  colls  and  nuclei 
as  is  represented  by  the  shedding  of  the  cuticle  withia 
five  or  six   days.     1    have  counted   in  several   fields   in   a 

Iireparation    nrepared    with   picric   acid   and   stained  with 
ogwood,  all  tne  forms  of  nuclei  indicating  indirect  divisii 
and  I  found  tJie  following: 

The  preparation  is  a  vertical  section  through  the  tail  of  , 
female  adult  newt;  the  thickness  of  the  section  is  such  thij 
the  cells  of  the  epidermis  lie  two  deep.  The  counting  was 
made  with  the  objective  E  of  Zeiss.  The  size  of  the  field  of 
the  microECope  under  this  lens  on  my  stand  comprises  about 
80  nuclei  of  the  deepest  layer  of  cells,  i.  c.  th"  layer 
the  corium,  and  as  the  section  is  two  cells  deep,  it 
that  we  inny  take  (10  nuclei  as  comprised  in  the  deepest  lai 
of  one  field.  Of  course  this  figure  60  is  only  approximati 
correct,  since  the  section  is  not  everywhere  of  equal  thi 
cess,  nud  since  the  nuclei  iiru  not  everywhere  placed  equi 
doscty.  But  1  should  Ihiuk  the  error  in  accepting  t 
figure  cannot  be  great.  As  I  do  not  claim  any  degrfe 
accuracy,  we  may  accept  that  number  as  sufficiently  ai 
Ttceable. 

Ill  Fielil  1,  1  count  one  ' 

"  moDMler  ;'*  out  •■  baiktt," 
Field  8.  Ihrcfl  "oonvoluUoii*;" 

■■bmkct." 
Id  Fieli!  3,  ono  "  wn*lii ;"  one  "  nonvoktioa." 
Id  Field  i,  ono  "  raavolnlion  j"  two  "  bukete;"  one  divided,  caohdauBbl 

nooleu*  "  bukct." 
_.  Field  B,  two  "  ooDTolutloni." 
In  Field  0,  one  divided.  r»ch  dsogliler  nucleue  "batket." 
la  Field  7,  on«  "djutcr." 
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HU  these  "  fields  "  follow  each  other  cooseeiitiTel}',  so  tlut 
ve  may  say  that  amongst  about  840  nadei  (that  is,  countia^ 
the  uuclei  of  the  two  loweit  layers,  each  of  these  two 
deep},  we  tind  IT  only,  indicatii-e  of  indirect  dif-inoo. 

In  another  specimen  (of  the  same  tail),  prepared  iaeKoetly 
the  satne  manner,  we  find  : 

lu  Field  1,  l»o  "wreaths;"  t»o  "  niOBMt<ii ;""  An  "eooTolaiioM;"  two 

"  hsakels." 
lu  Ficli)  8,  two  divided,  each  dingiUcr  nndeas  "eoax^alioD  ;"  om  **  mm- 

utcri"onediT)ded,  each  daughter  mel«at  "basket;"  two  "  vmtlu  i" 

tlireo  "  cooToIoticm*  ;"  three  "  haikets." 

Thus,  in  these  two  fields,  correstwoding,  therefore,  to  about 
240  niictci  we  find  23  forms  indirJitivB  of  indirect  dirisioii. 
In  connection  with  tliU  I  have  to  add  that  1  hare  ukeii 
grvat  care  not  to  omit  any  of  thoM  forms ;  this  u  to  a  cer- 
Iftin  extent  facilitated  by  the  coBspicuoos  appeanuice  pre- 
sented by  the  nuclei  of  this  kind. 

As  I  do  not  know  at  what  rate  (he  division  of  the  nuclei 
takes  place,  and  as  the  thickness  of  the  epidermis  is  not  BO<n- 
«tJint  iQ  all  places,  I  am  not  able  to  use  in  any,  but  a  rery 
approximate  manner,  the  above  numbers,  and  such  as 
they  are,  they  seem  to  me,  on  account  of  their  imallDeM. 
to  indicate  that  there  must  be  another  method  of  re*, 
prodaction  of  nuclei  in  addition  to  the  indirect  one. 
And  we  have  only  to  examine  carefully  the  ileeper  strata 
of  the  epidermis  to  convince  onrtclres  of  the  presence 
of  nuclei  which  appear  to  he  in  difforrnt  »t*^ci  of  cleavage. 
They  are  oval  nuclei,  differing  a*  regards  their  membrane 
■oil  noneycomb  reticulum  in  noway  from  the  other  nuclei 
of  th(«e  Uyert,  I  have  represented  in  figures  28 — 33,  I'l. 
XVIII,  the  most  characteristic  forms  of  nuclei  in  (be  varioua 
stages  of  i-lvavagp.  They  vary  in  numbers  in  different  parts 
of  a  section,  and  appear  to  mt'  to  be  more  than  merely  oon* 
Biricted  or  lobcd  shapes,  such  as  described  by  Fleaming 
aa  being  of  a  temporary  nature.  Figuiea  S9,  SO,  and  Sl 
seem  to  rae  quite  couriodog. 

1  ■ny  stale  bero  tLu  I  tera  (baad  resy  nuarrtnu  Doda,  b  the  rarwos 
itsgcs  ol  dtavws,  also  ia  tlis  epahsliasi  Untag  the  neck  of  the  dac*  o( 
the  ntaasovs  gusidi. 

It  ia  quitfl  possible  that  tbc  nuclei  undergoing  the  iudirert 
dtTtuon  in  the  adult  have  inherited  the  power  to  do  this 
from  the  ovum,  the  nuclei  of  which,  as  is  now  well  known 
from  numerous  observations  on  different  vertebrate  lUid  in- 
varlebtate  aointaU,  undergo  the  indirect  mode  of  divisi*"  - 
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embryo  Triton  the  nuclei  of  all,  or  nearly  all,  epithelial  cells 
undergo  the  indirect  division;  but  since  it  is  equally  pro- 
bable that  in  ihe  ndult  only  a  relatively  small  number  of 
nuclei  possesses  this  properly,  it  follows  that  many  of  them 
lose  this  power  and  degenerate  in  the  manner  of  division, 
becoming  degraded  into  nuclei  that  multiply  after  the  more 
pleheic  manner  of  simple  cleavage.  By  doing  thie,  nature 
evidently  gains  her  end  uncEer  great  saving  of  energy,  since 
the  existence  of  these  nuclei  is  only  of  short  duration. 

As  supporting  the  assumption  that  nuclei  divide  after  the 
"  direct"  manner,  viz.  by  cleavage,  may  be  regarded  those 
nuclei  in  which  the  fibrils  have  arranged  themselves,  as  if 
those  nuclei  were  going  to  divide  in  the  indirect  way,  but 
for  some  reason  or  other  did  not  succeed  in  doing  so,  but 
divided  ullimately  by  cleavage.  I  refer  to  figs.  33,  Si,  and 
85,  which  I  have  selected  as  the  more  characteristic  forms  ; 
fjg.  33  represents  a  "convolution,"  34  and  3.5  "baskets"  all 
undergoing  the  "direct"  mode  of  division, 

A  good  object  for  demonstrating  the  different  forms  of 
nuclei  while  undergoing  the  indirect  mode  of  division  is 
the  bladder  of  adull  frog  prepared  with  chloride  of  gold.  The 
organ  is  filled  I'w  situ  with  chloride  of  gold  (J  per  cent.) 
until  it  is  well  distended ;  it  is  then  ligatured  at  the  neck, 
and  placed  in  chloride  of  gold  for  about  half  an  hour, 
then  opened  and  exposed  to  the  light  in  slightly  acidulated 
water.  Examining  the  inner  surface  of  a  small  portion 
spread  out  on  a  slide  and  mounted  in  glycerin,  we  meet 
with  many  beautiful  forms  of  "  convolutions,"  "  monasters," 
"wreaths,"  "  dy  asters,"  and  couples  of  small  daughter 
nuclei.  The  tail  of  tadpole  prepared  in  chloride  of  gold 
(see  '  Handbook  for  the  I'hysiolog.  Laboratory,'  p.  41)  shows 
also,  amongst  the  epithelium  of  hath  surfaces,  forms  of 
dividing  nuclei,  especially  "baskets,"  "monasters,"  and 
"dyasters."  Their  number,  however,  is  relatively  email. 
The  great  majority  of  the  nuclei  present  a  uniform  network 
of  fibrils  or  rods.  The  nuclei  of  the  epithelium  of  the 
bladder  of  frog  ate  preferable  to  those  of  the  tail  of  the  tad- 
pole, being  of  a  much  larger  size. 

P.S. — Since  the  printing  of  the  foregoing  I  have  received 
from  my  friend  Professor  Flemming,  in  Kiel,  two  of  his 
preparations  of  embryo  Salamander,  and  I  see  in  them  the 
most  exquisite  forms  of  nuclei  dividing  after  the  indirect 
mode,  as  figured  by  F.  in  his  paper. 
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tihe  Eaklt  Development  o/  tAe  Laceetilia,  logttker  vnlk 
I«7m0  Obsebvatioms  on  the  Natvkb  and  Relations  of  ike 
ITrimitite  Streak.  Bj  F.  M.  Balpove,  M.A.,  F.R.S., 
"  ^Ilow  of  Trinity  College,  Cambridge.     (With  Plate  XJX.) 

Dill  quite  recently  no  observations  vere  recorded  on  the  early 
relupmental  changes  of  the  reptilian  ovum.  Not  long  ago 
ProfcMors  Kupffer  and  Beuecke  published  a  preliminary  note 
on  the  early  development  of  Lacerta  agilit  and  Emya  Europea? 
I  have  myself  also  been  able  to  make  same  observations  on  the 
embryo  of  Lacerta  muralte.  The  number  of  my  embryos  has 
been  somewhat  limited,  and  most  of  those  which  I  have  bad  have 
been  preserved  in  bichromate  of  potash,  which  has  turned  out  a 
far  from  satisfactory  hardening  reagent.  In  spite  of  these  diffi- 
culties 1  have  been  led  on  some  points  to  very  different  results 
from  those  of  the  German  investigators,  and  to  results  which  are 
more  in  accordance  with  what  we  know  of  other  Sauropsidan 
types.  1  commence  with  a  short  account  of  the  results  of 
Kuptlerand  Bcnccke. 

Segmt^ulatJoti  lakes  place  exactly  as  in  birds,  and  the  resulting 
blastoderm,  which  is  tliickcned  at  its  edge,  spreads  rnuidly  over 
tbe  yolk.  Shortly  before  the  yolk  is  half  euciosca  a  small 
ambryouic  shield  [area  petlucida)  makes  its  appearance  in  the 
oeotrc  of  the  blastoderm,  which  has,  in  the  meantime,  become 
divided  into  two  layers.  The  ui>per  of  these  is  the  cpiblast,  and 
tlM  lower  the  hypoblast.  The  embryonic  shield  is  mainly  distin- 
gnisbed  from  the  remainder  of  the  blastoderm  by  the  more  columnar 
uuracter  of  its  constituent  epiblast  cells.  It  is  somewhat  pyri* 
form  is  shape,  the  narrower  end  corresponding  with  the  future 
posterior  end  of  the  embryo.  At  the  narrow  end  an  invagina- 
non  takes  place,  which  gives  rise  to  an  open  sac,  the  blind  end  of 
wliicb  is  directed  forwards.  The  opening  of  this  aac  is  regarded 
br  the  authors  as  the  blastopore.  A  linear  thickening  of  epi- 
blut  arises  in  front  of  the  blastopore,  along  the  median  line  of 
which  the  medullary  groove  soon  appears.  In  the  caudal  region 
tilt!  medullary  folds  spread  out  aiid  enclose  between  them  the 
blastopore,  behind  which  they  soon  meet  again.  On  the  con- 
version of  the  medullary  groove  into  a  closed  canal  the  blastopore 
bccomea  obliterated.  The  mesoblast  grows  out  from  the  lip  of 
the  blastopore  as  four  masses.  Two  of  these  arc  lateral :  a  third 
u  anterior  and  median,  and,  although  at  first  independent  of  the 
epihlait,  soon  attaches  itself  to  it,  and  forms  wiln  it  n  kind  of 

Si  der  Reptiliea,'  Konigsberg. 
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axifi-corcl.     A  foutth  mass  applied  itself  to  the  w&lls  of  I 
formed  by  invagination. 

"With  reference  to  the  very  first  developmental  phenol 
observations  are  confined  to  two  stages  duriog  the  segmei 
III  the  earliest  of  these  the  segmentation  was  about  hjJf  cob 
in  the  later  one  it  was  nearly  over.  My  observations  < 
stages  bear  out  generally  the  statements  of  Kupfler  and  E 
In  the  second  of  them  the  blastoderm  was  already  imp* 
divided  into  two  layers — a  snperficial  epiblastic  layer  fori 
single  row  of  cells,  and  a  layer  below  this  several  roi 
Below  this  layer  fresh  segments  were  obviously  being  i 
the  blastoderm  from  the  subjacent  yolk. 

Between  the  second  of  these  blastoderms  and  my  ii 
there  is  a  considerable  gap.  The  medullary  plate 
established,  and  is  marked  by  a  shallow  groove  which  I 
deeper  in  front.  A  section  through  the  embryo  ia  rep 
ill  PI.  XIX,  Series  4,  fig.  L.  In  this  figure  there  , 
seen  the  thickened  meduilary  plate  with  a  shallow  d 
groove,  below  which  are  two  independent  plates  of  i 
[me.  p.),  one  on  each  aide  of  the  middle  line,  very  impi 
divided  into  fomatoplearic  and  splanchnopleuric  hiyon.  r 
the  mcsoblast  is  a  continuous  layer  of  hypoblast  {iy.),  I 
develops  a  rod-like  thickening  along  the  axial  line  (al.).| 
rod  becomes  in  the  next  stage  the  notochord.  AUhoBfl 
embryo  is  not  well  preserved  1  feel  very  confident  in  assert  1 
continuity  of  the  notocliord  with  the  hypoblast  at  this  staj  I 

At  the  bind  end  of  the  embryo  is  placed  a  thickened  t  I 
tissue  which  continues  the  embryonic  axis.     In  this  ridge 
layers  coalesce,  and  I  therefore  take  it  to  be  equivalent 
primilive    ttreak   of  llie    avian    Uastodenn.       It    is     son    i 
triangular  in  shape,  with  the  apex  directed  backward,  the 
base  placed  in  front. 

At  the  junction  between  the  primitive  streak  and  the  b 
derm  is  situated  a  passage,  open  at  both  extremities.  If 
from  the  upper  surface  of  the  olaatoderm  obliquely  forwar 
the  lower. 

The  dorsal  and  anterior  wall  of  this  passage  is  formed 
distinct  epithelial  layer,  continuous  at  its  upper  extremity 
the  epiblast,  and  at  its  lower  with  the  notochordal  plate,  so 
it  formsalayer  of  cells  connecting  together  the  epiblast  andh 
blast.  The  hinder  and  lower  wall  of  the  passage  is  formtd  b^ 
cells  of  the  primitive  streak,  which  only  assume  a  columnar  f 
near  the  dorsal  opening  of  the  passage  {ride  fig.  4}.  This  pa*.- 
is  clearly  the  blind  sac  of  Kupffer  and  Benecke,  who,  if  I  am 

Tor  these  two  epccimens,  wliicli  were  burdeoed  in  picrio  add,  I 
Dr,  Kleneiuberg. 
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mistaken,  have  overlooked  its  lower  opening.  Aa  I  hope  to  show 
in  the  sequel,  it  is  also  the  ecguivalent  of  the  ncurenteric  passage^ 
which  connecta  the  neural  and  alimentary'  canals  in  ihe  Icthjop- 
sida,  and  therefore  represents  the  hlastopore  uf  Aiuphiosus 
Amphibians,  &c. 

Series  a,  Ggs.  S,  3,  4,  5,  illustrate  the  features  of  the  passage 
and  its  relation  to  the  embrjo. 

Fig.  2  passes  through  the  ventral  opening  of  the  passage. 
The  notocbordal  plute  {cA\)  is  vaulted  over  the  opening,  and 
on  the  left  side  is  continuous  with  the  niesoblast  as  well  as  the 
hypoblast  Figs  8  and  -1  are  taken  through  the  middle  part  of 
to«  passage  (ne.),  which  is  bounded  above  bj  a  continuation  of 
tbc  notocbordal  plate,  and  below  b;  the  tissue  of  the  primitive 
strak.  Tlie  hypoblast  (hy.),  in  the  middle  line,  is  imperfectly 
fused  with  the  mesohlast  of  the  primitive  streak,  which  is  now 
continuous  across  the  middle  Hue.  The  medu'lary  groove  baa 
disappeared,  but  the  medullary  plate  imp.)  is  quite  distinct. 

In  Qg.  5  is  seen  the  dorsal  opening  of  the  passage  (u«.}.  If 
a  section  behind  this  bad  becii  tigurod,  as  is  done  for  the  nest 
series  (b),  it  would  have  passed  through  the  primitive  streak, 
and,  as  in  the  chick,  all  the  layers  would  have  been  fused 
ti^ther.  The  epiblast  in  the  primitive  streak  completely 
coalesces  with  the  mesohlast ;  but  the  hypoblast,  though  attached 
to  the  other  layers  in  the  middle  line,  can  always  be  traced  as  a 
distinct  stratum. 

Fig.  B  is  a  surface  view  of  my  next  oldest  embryo.  The 
medallary  groove  has  become  much  deeper,  especially  in  front. 
Behind  it  widens  out  to  form  a  space  cquivalt-nt  to  the  sinus 
rhomboidalis  of  the  embryo  bird.  The  amnion  forms  a  small  fold 
covering  over  the  cephalic  eitremity  of  the  embryo,  which  is 
deeply  embedded  in  the  yolk.  Some  somites  (protovertebrte) 
were  probably  present,  but  this  could  not  be  made  out  in  the 
opaque  embryo. 

The  woodcut  (fig.  1)  represents  a  diagrammatic  longitudinal 
section  through  this  embryo,  and  the  sections  belonging  to  Series 
B  illustrate  the  features  of  the  hind  end  of  the  embryo  and  of  the 
primitive  streak. 
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As  is  shown  in  tig.  l,tbe  notochord  (eh.)  has  now  throughout 
the  regioa  of  the  embryo  become  separated  from  the  subjacent 
hypoblast,  anH  ihe  lateral  plates  of  mesoblast  are  distinctly 
divided  into  somatic  and  splanchnic  layers.  The  medullary  groove 
is  continued  as  a  deepisb  groove  up  to  the  openiug  of  the  neuren- 
teric  passage,  which  thus  forms  a  perforation  in  the  floor  of  the 
binder  end  of  the  medullary  groove  {vide  Series  n,  figs.  2,  3, 
and  i). 

The  passage  itself  is  somewliat  shorter  than  in  the  previous 
atage,  and  the  whole  of  it  is  showu  in  a  single  section  (fig,  4) . 
This  section  must  either  have  been  taken  somewhat  obliquely,  or 
else  the  passage  have  been  exceptionally  short  in  this  embryo, 
since  in  an  older  embryo  it  could  not  all  be  seen  in  one 
aection. 

The  front  wall  of  the  passage  is  continuous  with  the  notochord, 
which  for  two  sections  or  ao  i  ii  front  remains  attached  to  the  hypo- 
blast (figs.  2  and  3).  Behind  the  perforation  in  the  floor  of  the 
medullary  groove  is  placed  the  primitive  streak  (6g.  5),  where  all 
the  layers  become  fused  together,  as  in  the  earher  stage.  Into 
this  part  n  narrow  diverticulum  from  the  end  of  the  medullary 
groove  is  continued  for  a  very  short  distance  {"ide  fig.  6,  me.). 

The  general  features  of  the  stage  will  best  be  understood  by  an 
examination  of  the  diagrammatio  longitudinal  section,  represented 
in  woodcut,  fig.  T .  In  front  is  shown  the  amnion  (am.),  growing 
(iver  Ilic  liPii.1  «f  iho  cuibryo.  The  nolochord  (c/i.)  is  seen  as  an 
independent  cord  for  the  greater  part  of  the  length  of  the  embryo, 
but  falls  into  the  hypoblast  shortly  in  front  of  the  neureateric 
passage.  The  neurenteric  passage  is  shown  at  ne.,  and  behind  it 
IS  shown  the  primitive  streak. 

In  a  still  older  stage,  represented  in  surface  view  on  PI.  XIX, 
fig.  c,  medullary  folds  have  nearly  met  above,  but  have  not  yet 
united.  The  features  of  the  passage  from  the  neural  groove  to  the 
hypoblast  arc  precisely  the  same  in  the  embryo  just  described, 
although  the  lumen  of  the  passage  has  become  somewhat  narrower. 
There  ia  still  a  short  primitive  streak  behind  the  embryo. 

The  neurenteric  passage  persists  but  a  very  short  time  after 
the  complete  closure  of  the  medullary  canal.  It  is  in  no  way 
connected  with  the  allantois,  as  conjectured  by  KapfTer  and 
Benecke,  but  the  allantois  is  formed,  as  I  have  satisfied  myself 
by  longitudinal  sections  of  a  later  stage,  in  the  maoDer  already 
described  by  Dobrynin,  Gasser,  and  Kolliker  for  the  bird  and 
mammal. 

The  general  results  of  Kupfl'er's  and  Benecke'a  observations, 
with  the  modifications  introduced  by  my  own  observations,  are 
as  follows ; — After  the  segmentation  and  the  formation  of  the 
embryonic  shield   (area  pellucida)  the  blastoderm  becomes  di5- 
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\y  divided  into  epiblast  and  hypoblast.'  At  the  hind  end  of 
the  shield  a  somevhnt  triangnlar  primitive  streak  is  forined  bj 
the  fiiaioD  of  the  epiblast  and  iiypoblast  with  a  nnmber  of  celts 
bvtirccn  ihetn,  which  arc  probably  derived  froai  the  lower  rows 
of  llie  ii^ineiilatioQ  cells.  At  the  front  end  of  the  streak  a 
pnssAgc  arises,  opeit  at  both  estremities,  leading  obliquely 
forwards  through  the  epiblast  to  the  space  below  the  hypo- 
blast. Tiie  walls  of  the  passage  are  formed  of  a  laver  of 
columnar  cells  continoous  both  with  epiblast  and  hypoblast. 
In  front  of  the  primilivc  streak  the  body  of  the  embryo 
becoiiu-«  first  diiTerentiated  by  the  formation  of  a  medullary 
{ilate,  and  at  the  same  time  there  grows  out  from  the  primitive 
Btreak  a  layer  of  mcsobUst,  which  spreads  out  in  all  directions 
between  tlic  epiblast  and  hypoblast.  In  ihe  axis  of  the  embryo 
the  mesoblut  plntc  is  stated  by  KupfTer  and  Benecke  to  be  con- 
tinaoufl  across  the  middle  line,  but  this  appears  very  improbable. 
Id  a  slightly  later  stage  the  medullary  plate  becomes  marked  by 
a  fallow  groove,  and  the  mesoblast  of  the  embryo  is  then  uii- 
doubtcdlr  constituted  of  two  lateral  plates,  one  on  each  side  of 
the  median  line.  In  the  median  line  the  uotochord  arises  ns  a 
ridge- like  thickening  of  the  hypoblast  which  becomes  very  soon 
(|uite  separated  from  the  hypoblast,  except  at  the  hind  end, 
where  it  is  continued  into  the  front  wall  of  the  iieurenteric  pas- 
sage. It  is  interesting  to  notice  the  remarkable  relation  of  the 
Dotochord  to  the  walls  of  the  neurenteric  passage.  Mure  or  less 
similar  reUliuns  arc  also  well  marked  in  (he  ease  of  the  goose  and 
the  fowl  (Gasser),'  and  support  the  conclusion  deducible  from 
the  lower  forms  of  vertebrata,  that  the  notochord  is  essentially 

ibUstic. 

passage  at  the  front  end  oT  the  primitive  streak  forms  the 
ior  boundary  of  the  medullary  plate,  though  the  medullary 
I  is  not  at  first  continued  back  to  it.  The  anterior  wall  of 
lia  Maosst)  connects  together  the  medullary  plate  and  the  noto- 
cboioal  ndge  of  the  hypoblut.  In  the  succeeding  stagrs  the 
tordulbry  groove  becomes  continued  back  to  the  o)>ening  of  the 
ptHSiige,  which  then  becomes  enclosed  in  the  modullary  folds, 
and  forms  a  true  neurenteric  passage.  It  becomes  narrowed  as 
the  medullary  foUli  Gnally  unite  to  form  the  medullnry  canal, 
mnd  eventually  disappears. 

conclude  this   paper  with    a    concise     statement  of  what 

;ar*  to  me  the  probable  nature  of  the  mncli-disputed  organ, 

primitire  streak,  and  of  the   arguments  in  support  of  my 
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In  a  paper  on  the  primiliTe  streak  in  the  'Quart.  Journ.  of 
Mie.  Sci.,'  in  1ST3  (p.  SSO),  I  made  the  foUoiriog  statement  with 
reference  to  this  sabiect : — "  It  is  clear,  therefore,  that  the 
primitive  groove  mast  be  the  mdiment  of  some  ancestral  feature. 

It  is  jast  possible  that  it  is  the  last  trace  of  tbst 

involntion  of  the  epiblaat  b;  which  the  hypoblast  is  formed  in 
most  of  the  lower  animala." 

At  a  later  period,  in  Jutr,  1S76,  after  studying  the  develop- 
ment of  Elasmobranch  fishes,  I  enlarged  the  hypothesis  in  a  re- 
view of  tiie  first  part  of  Prof.  Kolliker's '  Eutwickluiigsgeschichte.' 
The  following  is  the  passage  in  which  I  speak  of  it :' 

"  In  treating  of  the  eiact  relation  of  the  primitive  groove  to  the 
formation  of  the  embryo.  Professor  Kolllker  gives  it  as  his  view 
that  though  the  head  of  the  embryo  is  formed  independently 
of  the  primitive  groove,  and  only  secondarily  nuitea  with  this, 
yet  that  the  remainder  of  the  body  is  without  doubt  derived 
from  the  primitive  groove.  With  this  conclusion  we  cannot 
agree,  and  the  very  descriptions  of  Professor  Kdlliker  appear  to 
us  to  demonstrate  the  untenable  nature  of  his  results.  We 
believe  that  the  front  end  of  the  primitive  groove  at  first  occu- 
pies the  position  eventually  filled  by  about  the  third  pair  of 
protovertebne,  but  that  as  the  protovertebne  are  successively 
formed,  and  the  body  of  the  embryo  grows  in  length,  the  primi- 
tive groove  is  carried  further  and  further  back,  so  as  always  to 
be  situated  immediafely  behind  the  embryo.  As  Professor  Kiij- 
liker  himself  has  shown  it  may  still  be  seen  in  this  position  even 
later  than  the  fortieth  hour  of  incubation. 

"Throughout  tiie  whole  period  of  its  existence  it  retains  a 
character  which  at  once  distinguishes  it  in  sections  from  the 
medullary  groove. 

"Beneath  it  the  epiblast  and  mesoblast  are  alvayt  /»ttd, 
though  they  are  always  separate  elsewhere ;  this  fact,  which  was 
originally  shown  by  ourselves,  has  been  very  clearly  brought  out 
by  Professor  Kolliker's  observations. 

"  The  features  of  the  primitive  groove  which  throw  special 
light  on  its  meaning  are  the  following : — 

"(1.)  It  does  not  enter  directly  into  the  formation  of  the 
embryo. 

"(S.)  The  epiblast  and  mesoblast  always  become  fused 
beneath  it. 

"  (3.)  It  is  situated  immediately  behind  the  embryo. 

"  Professor  KolJiker  does  not  enter  into  any  speculations  aa  to 
the  meaning  of  the  primitive  groove,  but  the  above-mentioned 
facts  appear  to  ra  clearly  to  prove  that  the  primitive  groove  is  a 


^^        njin 


'  '  Journal  of  Anal,  and  ?ii)'9.,'  vol.  x,  pp.  790  and   791.     Compare  a 
nj  monograpli  on  '  Eiiuiuobiauoli  Fisiiea,  note  on  p.  CS. 
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radimentarr  (tnicture,  the  origiD  of  which  can  only  be  com- 
pletely elncidated  by  n  knovleage  of  the  development  of  the 
Avian  ancestors. 

"  In  comparing  the  blastodtrm  of  a  bird  with  that  of  any 
anamniotic  vertebrate,  we  are  met  nt  the  threshold  of  oar  inves  ■ 
ligations  by  a  remarkable  difference  between  the  two.  \\'herens 
iu  all  the  lower  vertebrates  the  enibn'o  is  situated  at  the  ed^e 
of  the  blastoderm,  it  is  in  birds  3,oA  mammals  situated  in  the 
centre.  This  dilTerence  of  position  at  once  suggests  the  view 
that  the  primitive  groove  may  be  in  some  way  connected  with  the 
change  of  position  in  the  blastoderm  which  the  anceetora  of 
birds  must  have  undergone.  If  we  carry  our  investigations 
amongst  the  lower  vertebrates  a  little  further,  we  find  that  the 
Elasmobranch  embryo  occupies  at  first  the  norma!  position  at 
the  edge  of  the  blastoderm,  but  that  in  the  course  of  develop- 
ment the  blastoderm  grows  round  the  yolk  far  more  slowly  in 
the  region  of  the  embryo  than  elsewhere.  Owing  to  this,  the 
embryo  becomes  left  in  a  bay,  the  two  sides  of  which  eventually 
meet  and  coalesce  in  a  hnear  fashion  immediately  behind  the  em- 
bryo, thus  removing  the  embryo  from  the  edge  of  the  blasto- 
derm and  forming  behind  it  a  linear  streak  not  unlike  the  primi- 
tive streak.  We  would  suggest  the  hypothesis  that  the  primitive 
groove  is  a  rudiment  which  give«  the  last  indication  of  a  change 
made  by  the  Avian  ancestors  in  their  position  in  the  blastoderm, 
like  that  made  by  Elasmobranch  embrj-os  when  removed  from  the 
edf^  of  the  blastoderm  and  placed  in  a  central  situation  similar 
to  that  of  the  emliryo  bird.  On  this  liypotheois  the  situation  of 
the  primitive  groove  immediately  behind  the  embryo,  aa  well  as 
the  fact  of  its  not  beooming  converted  into  any  embryonic  organ 
woald  be  explained.  The  central  groove  might  probably  also 
(w  viewed  as  the  groove  naturally  left  between  tlie  coalescing 
edge*  of  the  blastoderm. 

"  Would  the  fusion  of  epihlast  and  mesoblast  also  receive  its  ex- 
planationonthishypothcsis?  We  are  of  opinion  thai  it  would.  At 
the  nlgc  of  the  blastoderm  which  represents  the  blastopore  mouth 
Ot  Ampbioius  all  the  layers  become  fuseil  together  in  the  auam- 
Diotic  vertebrates.  Mo  that  if  the  primitive  groove  is  in  reality 
■  rudiment  of  the  coalesced  edges  of  the  bUslodcrm,  we  might 
ailoratiy  e]{)ect  the  layers  to  be  fused  there,  and  the  diDiculty 
pfoenled  by  the  present  condition  of  the  primitive  groove  would 
laUier  be  tnat  the  hypoblast  is  not  fused  with  thi!  othej  layera 
than  that  the  mesoblast  is  indissolubiy  united  with  the  epi- 
blaat.  The  fact  that  the  hypolilast  is  not  fused  with  the  other 
lavera  Uoea  not  appear  to  us  to  be  fatal  to  our  hypothesis,  and  in 
Mammalia,  where  the  primitive  and  medullary  grooves  present  pre- 
drty  Mic«Miie  lelationa  u  in  birds,  all  three  layera  are,  accord- 
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tug  to  Heiuen'f  Kcooot,  fused  together.  This,  hoverer,  is 
itmed  bj  Kuliiker,  wbo  states  thst  in  Jlamiiuls,  ac  in  Birds,  only 
the  i^iblast  and  mesobUat  fuse  together.  Oor  bjpotheais  as  to 
tbe  origin  of  the  primitiTe  groove  appears  to  esplan  b  a  fairly 
satiafactory  maimer  al)  the  pecoiiahtics  of  this  veij  eDigmatical 
organ ;  it  also  relieves  os  from  the  necessity  of  accepting  Professor 
KoUtker't  expUn&tion  of  the  development  of  the  mesoblast,  though 
it  does  not,  of  course,  render  that  explanation  in  any  nay 
anteuable." 

At  a  somewhat  later  period  Bauber  arrived  at  a  more  or  less 
nmilar  coDcltuion,  which,  however,  he  mixes  np  with  a  number 
of  opinions  from  whifih  I  am  compelled  altogether  to  dissent.> 

Tne  general  correctoess  of  my  view,  as  explained  in  my  second 
Quotatioo,  appears  to  me  completely  established  by  Gasser's  beau- 
tifiil  researches  on  the  early  development  of  the  chick  and  goose,' 
■nd  by  ray  own  observations  just  recorded  on  the  lizard. 
While  at  the  same  time  the  parallel  between  the  blastopore 
of  Kliuraohranchii  and  of  the  Sauropsida,  is  rendered  more  com- 
plete by  the  discovery  of  the  neurenteric  passage  in  the  latter 
group,  which  was  first  of  all  made  by  Gasser. 

The  following  paragraphs  contain  a  detailed  attempt  to  establish 
the  above  view  by  a  careful  comparison  of  the  primitive  streak 
and  its  adjuncts  in  the  amiitotic  vertebrates  with  the  blastopore 
in  Klasmobrnnchii. 

In  Elasmobranchii  the  blastopore  consists  of  the  following 
part*  : — (1),  a  section  at  the  end  of  the  medullary  plate,  which 
becomes  converted  into  the  neurenteric  canal;'  {-1%  a  section 
forming  what  may  be  called  the  yolk  blastopore,  which  even- 
tually constitutes  a  linear  streak  connecting  the  embryo  with  the 
edse  of  the  blastoderm  ("/i/f  my  monograph  on  Elaamobranch 
fishes,  pp.  68  and  81).  In  order  to  estahlish  my  hypothesis 
on  the  nature  of  the  primitive  streak,  it  is  necessary  to  find  the 
representatives  of  both  these  parts  in  the  primitive  streak  of  the 
amniotic  vertebrates.  The  first  section  ought  to  appear  as  a 
passage  from  the  neural  to  the  enteric  side  of  the  otastoderm 
at  the  posterior  end  of  the  medullary  plate.  At  its  front 
edge  the  epiblast  and  hypoblast  should  be  continnons,  as  they 
are  at  the  hind  end  of  the  embryo  in  Elasmobranchii,  and, 
finally,  the  passage  should,  on  the  closure  of  the  medullary 
groove,  become  converted  into  the  nevrenterie  canal.  All  these 
coil  ill  t  tons  nri-  exactly  fulfilled  by  the  opening  at  the  front  end  of 

'  '■  rrimitiTrinnc  u.  Urmiiid,"  '  Morphologisches  Jaiirbuch.,'  Band  ii,  p. 

•  QM««r,  '  Om  PrimitiMtrtiifen  bci  V<^einbiTanBD,'  Marburg,  1S78. 
"  ■--  "■■    irriii  for  Ihr  canal  connectiiw  tbe  naiinl  and  alimentary 
a  fir«(  discovered  b;  KowaloTsKy. 
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!  primitive  streak  of  the  lizard  {mde  woodcut,  hg.  I).  In 
the  chick  there  is  &t  first  no  such  opening,  but,  ss  1  hope  to 
•hov  in  a  future  paper,  it  is  replaced  ay  the  eiiiblast  and  hypo- 
blast falling  into  one  another  at  the  front  end  of  the  primitive 
streak.  At  a  later  peiiofi,  as  has  been  shown  by  Gasaer,'  there 
ix  a  distinct  rudiment  of  the  neureuteric  canal  in  the  chick,  and  a 
complete  canal  in  the  goose.  Finally,  in  mammaL*,  as  has  been 
■boim  by  Schafer'  for  the  guinea-pig,  there  is  at  the  front  end 
of  the  primitive  streak  a  complete  continuity  between  epiblast 
and  hypoblast,  The  continuity  of  the  epiblast  and  hypoblast  at 
the  hind  end  of  the  embryo  in  the  bird  and  the  mammal  is 
a  rudiment  of  the  continuity  of  these  layers  at  the  dorsal  lip  of 
the  blastopore  in  Klasmobranchii,  Amphibia,  S;c.  The  seeond 
section  of  the  blastopore  in  Elasmobranchii  or  yolk  blastopore  is, 
I  believe,  partly  represented  by  the  primitive  streak.  The  yolk 
blastopore  in  Elasmobranchii  is  the  part  of  the  blastopore  belong- 
ing to  the  yolk  sac  as  opposed  to  that  belonging  to  the  embryo, 
and  it  is  clear  that  the  pnmitive  streak  cannot  correspond  to  the 
whole  of  this,  since  the  primitive  streak  is  far  removed  from  the 
edge  of  the  bla«tadrrLii  long  before  the  yolk  is  completely  enclosed. 
Leaving  this  out  of  contiideration  the  primitive  streak,  in  order 
that  the  above  comparison  may  hold  good,  should  satisfy  the 
following  conditions : 

1 .  It  should  connect  the  embrj'o  with  the  edge  of  the  blasto- 
derm. 

2.  It  sUonld  be  constituted  as  if  formed  of  the  fused  edges  of 
the  blastoderm. 

&.  The  euiblast  of  it  should  eventually  not  form  part  of  the 
medullary  plate  of  the  embryo,  but  be  folded  over  on  to  the 
veatral  side. 

Tbe  first  of  these  conditions  is  only  partially  fulfilled,  but,  OOQ- 
aidering  the  rudimentary  condition  of  the  whole  stmcture,  uo 
grtat  stress  can,  it  seems  to  me,  be  Uid  on  this  fact. 

The  second  condition  seems  to  me  very  completely  satistied. 
Where  the  two  edges  of  the  biastoderm  become  united  we  should 
expect  to  find  a  complete  fusion  of  the  layers  such  as  takes  place 
in  the  pnmitive  streak  ;  and  the  fact  that  in  the  primitive  streak 
the  hypoblast  does  not  so  distinctly  coalesce  vitb  the  mesoblast 
ns  tlte  mesoblast  with  the  epiblast  cannot  be  urged  as  a  lerious 
argument  against  me. 

Tbe  growth  outwards  of  the  mesoblast  from  the  axis  of  tbe 
primitive  streak  is  probably  a  remnant  of  the  invagination  of  th« 

'  Locdt. 

'  "  A  oontritmtion  to  tlia  hiitcry  of  tbe  ilerelopment  in  the  Gabca-pig," 
'  Joanial  of  Ansl.  and  Phjs.,'  vol.  xi,  pp.  339 — )3fl. 
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hypobhit  mnd  noMUwt  bom  the  lip  of    tbe    bkstopoie  in 
Anphibu,  &c. 

"ne  groon  in  tbe  prinntive  ttmk  mKf  with  great  plaasibility 
be  Kguded  H  the  indioitioii  of  a  drprefsioii  vluch  would  uata- 
nUjbe  fosnd  ikn^f  the  Ibe  where  tbe  thickened  edges  of  the 
blutodetsi  bomiLB  ■"''**'^ 

With  nfemoee  to  the  third  eooditioti,  I  sill  toake  the  foUowing 
obaemtioos.  IIni  nDorentenc  csnal,  as  it  is  placeil  at  tbe  extreme 
esd  of  tbe  embrjo,  miut  necessaiilv,  with  reference  to  the  embryo, 
be  tbe  hindemiost  eeOion  of  the  blastopore,  and  therefore  the 
part  of  the  hlastopon  apparvntlT  behind  tois  can  oalv  be  so  owii^ 
to  the  enbi^o  sot  being  folded  off  tiotn  the  jolk  sac ;  and  as  the 
nlk  ne  »  in  reaiil/  a  apecialifed  part  of  the  ventral  wall  of  tbe 
body,  the  jtik  btaatopore  most  also  be  situated  od  the  ventral 
liie  of  tbe  anbrro. 

KuUiker  and  gtber  distingaished  aobnologists  have  believed 
that  the  epibUst  of  the  whole  of  (he  primitive  streak  became  part 
of  the  neoial  plate.  If  thid  view  were  comet,  which  is  accepted 
even  bv  Baaber,  tbe  bjpotbesia  I  am  attempting  to  establish  would 
fall  to  the  grooad.  I  have,  however,  do  doubt  that  the«e  em- 
brrologisls  are  mistaken.  The  verv  careful  observations  of 
Gassei  show  that  the  part  of  the  primitive  streak  adjoining  the 
•mbiTo  becomes  coBvoted  into  the  tul-sweQiog,  and  that  tbe 
posterior  part  ia  folded  in  on  the  ventral  nde  of  the  embrjo,  and, 
'o.-iiii:  its  ch.iractfriftk  structure,  lorrr.s  part  of  the  ventral  wall 
of  the  body,  (Jo  this  point  my  own  observations  confirm  those 
of  Gasser.  In  the  lizard  the  early  appearance  of  the  neurenteric 
canal  at  the  front  end  of  the  primitive  streak  clearly  shows  that 
here  also  the  primitive  streak  can  take  no  share  in  forming  the 
neural  plate. 

The  above  considerations  appear  to  me  sufficient  to  establish 
my  hypothesis  with  reference  to  the  nature  of  the  primitive 
streak,  which  has  the  merit  of  explaining,  not  only  the  structural 
peculiarities  of  the  primitive  streak,  but  also  the  otherwise  inex- 
plicable position  of  the  embtyo  of  tbe  amniotic  vertebrates  in 
the  centre  of  the  blastoderm. 
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Oh  Cxbtaik  Poikts  in  ii«,  Akatomt  of  Pkripattb  Capenbis. 
By  F.  M.  Balpoob,  M.A.,  F.E.8.' 

Tm  discovery  by  Mr.  Moseley'  of  a  tracheal  system  in  Peri- 
patu>  must  be  reckoned  as  one  of  the  most  interestiiic  results 
obtained  by  the  naturalists  of  the  "Challenger."  The  aiflcovery 
clearly  proves  that  the  genus  Peripatus,  which  is  widely  dis- 
tributed over  the  globe,  is  the  persisting  remnant  of  what  was 
probably  a  large  group  of  forms,  from  which  the  present  tracheate 
.\rthropoda  are  descended. 

The  affinities  of  Peripatus  render  any  further  light  on  its 
anatomy  a  matter  of  some  interest;  and  through  the  kindness  of 
Mr.  Moseley  I  have  had  an  opportunity  of  making  investigations 
on  some  well  preserved  examples  of  Peripatus  fapentU,  a  few  of 
the  results  of  which  I  propose  to  lay  before  the  Society. 

I  shall  confine  my  observations  to  three  organs.  (1)  The  seg- 
mental oraans,  (2)  the  nervous  system,  (3}  the  so-called  fat 
bodies  of  Mr.  Moseley. 

la  all  the  segments  of  the  body,  with  the  exception  of  the  first 
\wo  or  three  postoral  ones,  there  are  present  glandular  bmlies, 
aprarrntly  equivalent  to  the  segmental  orgnns  of  Annelids. 

Th(«  organs  have  not  completely  escaped  the  attention  of  nre- 
rious  observers.  The  anterior  of  tbem  were  noticed  by  Grune,* 
but  their  relations  were  not  made  out.  By  Saenger,'  as  I  gather 
from  liCuckart's  '  Berieht'  for  the  years  1S6S-9,  these  structures 
were  also  noticed,  and  they  were  interpreted  as  segmental  organs. 
Their  external  openings  were  correctly  identified.  They  are  not 
mentioned  by  Moselev,  and  no  notice  of  tliem  is  to  be  found  in  the 
text-books.  The  oftscrvationa  of  Grube  and  Saenger  seem,  in 
bet,  to  have  brvn  completely  forgotten. 

^le  organs  are  placed  at  the  bases  of  the  feet  in  two  lateral 
diTisiona  of  the  body-cavity  uhut  off  from  the  main  central  median 
diviiion  of  the  hody-cavity  by  longitudinal  septa  of  transverse 
maseUw. 

Each  fully  developed  organ  consists  of  three  psrts : 

(1)  A  dilated  vesicle  opening  externally  at  the  base  of 
a  foot. 

(2)  A  coiled  glandular  tube  connected  with  this  and  sobdi- 
rided  again  into  several  minor  divisions. 

'  From  Uic  '  ProcccdinK*  nl  tlio  Cambridge  PlnlaMphical  Sodctt.' 
'  "Oa  the  Stmctare  and  Ue*rlopmeiil  of  Ptripalui  Captiuiiy  ' 
Ttaaa./  vol.  oiair.  187*. 

■  "  Ban  ton  Ptnp.  Ed»ardni,"  '  Areliiv  r.  Anal.  u.  Fby*.,'  1SS9. 
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(3)   A  short  terminal  portion  openiug  at  one  extreinitj'  into  thr 

reoiled  tube  (3)  and  at  the  other,  as  I  believe,  into  the  hody-cavitj. 

[  This  section  becomes  very  conspicuous  in  stained  preparations  bj 

&e  intensity  with  which  the  nuclei  of  its  walls  absorb  the  colour- 

[  ing  matter. 

1  The  segmental  organs  of  Peripatus,  though  formed  on  a  type  of 
L'their  own,  more  nearly  resemble  those  of  the  Leech  than  of  any 
[  f)thei  form  with  which  I  am  acquainted.  The  aunelidaii  afBnities 
ahown  by  their  presence  are  of  some  interest.  Around  the  seg- 
.  laental  organs  in  the  feet  arc  peculiar  cells  richly  supplied  with 
:-■  tracbese,  which  appear  to  me  to  be  similar  to  the  fat  bodies  in 
I  insects.  There  are  two  glandular  bodies  in  the  feet  in  addition  to 
rtiit  segmental  organs. 

The  more  obvious  features  of  the  nervous  system  have  been 
fnlly  made  out  by  previona  observers,  who  have  shown  that  it 
-consists  of  large  paired  supraiesophageal  ganglia  connected  with 
two  widely  separated  ventral  oorda — stated  by  them  not  to  be 
ganghonated.  Grube  describes  the  two  cords  as  falling  into  one 
another  behind  the  anus— a  feature  the  presence  of  which  is 
erroneously  denied  by  Saenger.  The  lateral  cords  are  united 
by  numerous  (5  or  6  for  each  segment)  transverse  cords. 

The  nervous  system  would  appear  at  first  sight  to  be  very 
uovly  organised,  but  the  new  points  I  believe  myself  to  have  mad!e 
^ont,  as  well  as  certain  previously  known  features  in  it,  appear  to 
me  to  show  that  this  is  not  the  case. 

The  following  is  a  summary  of  the  fresh  points  1  liave  observed    , 
in  the  nervous  system  : 

(1)  Immediately  nndemeath  the  cesophagus  the  oesophageal 
commissures  dilate  and  form  a  pair  of  ganglia  equivalent  to  the 
annelidan  and  arthropodan  subasophagca!  ganglia.  These  ganglia 
are  closely  approximated  and  united  by  5  or  6  commissures.  They 
give  off  large  nerves  to  the  oral  papillfe. 

(2)  The  ventral  nerve  cords  are  covered  on  their  ventral  side  by 
a  thick  ganglionic  layer,^  and  at  each  pair  of  feet  they  dilate  into  a 
small  but  distinct  ganglionic  ttoelling.  From  each  ganglionic 
swelling  are  given  off  a  pair  of  large  nerves^  to  the  feet ;  and  the 
ganglionic  swellings  of  the  two  cords  are  connected  tt^ether  by 
a  pair  of  eommiasares  containing  ganglion  celU?  The  other  com- 
missures connecting  the  two  cords  together  do  not  contain  ganglion 

L  cells. 

The  chief  feature  in  which  Peripatoa  was  supposed  to  differ 

'  Thia  waa  known  to  Grube,  loo.  cit. 

'  Tlieso  nerves  were  nouced  b;  Milne  Edwards,  but  Gnibe  failed  to 
observe  ttiat  thej  were  much  laiger  than  the  nerves  givea  off  between  the 
'  ;t. 

'  These  commUtnres  were  perhaps  observed  by  Saenger  (loc.  it.). 
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from  normal  Arthropoda  ifnd  Annelida,  viz.  the  absence  of  ganglia 
on  the  ventral  corda,  does  not  really  exist.  In  other  par- 
ticalare,  as  in  the  amount  of  nerve  celts  in  the  ventral  cords  and 
the  completeness  of  the  commissural  connections  between  the  tvo 
cords,  &c.,  the  organisation  of  the  nervous  system  of  Peripalns 
ranks  distinctly  high.  The  nervous  system  lies  within  the  circu- 
larandlongitudinal  muscles,  and  is  thus  not  in  proximity  with  the 
skin.  In  this  respect  also  Feripatus  shows  no  signs  of  a  primi- 
tive condition  of  the  nervous  systera. 

A  median  nerve  is  given  off  from  the  posterior  border  of  the 
suprao^ophageal  ganglion  to  the  utsopha^s,  which  probably 
forms  a  rudimentary  sympathetic  system.  I  believe  also  that  I 
have  found  traces  of  a  paired  sympathetic  system. 

The  organ  doubtfully  s)ioken  of  b;  Mr.  Moseley  as  a  fat  body, 
and  by  Grube  as  a  lateral  canal,  ia  in  reality  a  glandular  tulw, 
lined  by  beautiful  columnar  cells  containing  secretion  globules, 
which  opens  by  means  of  a  noD- glandular  duct  into  the  mouth.  It 
lies  close  above  the  ventral  neTve  cords  in  a  lateral  camjiartinent 
of  the  body-cavity,  and  eitcnds  backwards  for  a  varying  distance. 

This  organ  may  uerhaps  be  beet  compared  with  the  simple 
salivary  gland  of  Julus.  It  is  not  to  be  confused  with  the  slime 
glands  of  Mr.  Moseley,  which  have  their  opening  in  the  oral 
papillEP.  If  I  am  correct  in  regarding  it  as  homologous  with 
the  salivary  glands  so  widely  distributed  amongst  the  Tmcheata, 
ttfl  presence  indicates  a  hitherto  uunoticcd  arlhropodau  affinity  in 
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Chlorophyll  in  Torbellarian  Worma  and  other  Animals. — 
Mr.  Patrick  Geddes  has  recently  iiivesiigaie*!  the  physiology 
and  histology  of  the  smail  grceu  Flanariau  Convoluta 
Schultzii,  and  commuuicated  his  results  in  a  highly  sugges- 
tive paper  to  the  Royal  Society  ('  Proceedings,'  No.  194). 
Mr.  Geddes  obtained  these  worms  in  large  quantity  at 
Roscoff,  the  zoological  observatory  of  Prof.  Lacaze  Duthiers. 
He  has  succeeded  iu  obtaining  from  a  number  of  them, 
enclosed  iu  an  inverted  glass  vessel  and  exposed  to  sun- 
light, a  quantity  of  gas  which  on  analysis  [by  means  of 
pyrogallic  acid)  proved  to  contain  from  43  to  62  per  cent, 
of  pure  oxygen.  This  is  the  first  direct  proof  of  the  evo- 
lution of  oxygen  gas  through  the  agency  of  the  chlorophyll 
contained  in  the  tissues  of  animals  of  so  high  an  organisalioa 
as  the  Planarinn  worms;  though  it  was  from  Euglena,  an 
animal  Flagellate  that  Priestley  obtained  oxygen  gas,  even 
before  it  was  known  to  be  given  off  by  plants.  The  exact 
nature  of  the  chlorophyll o id  substanoe  has  not  been  deter- 
mined by  Mr.  Geddes.  It  has  the  general  properties  of  the 
green  colouring  matter  of  vegetable  tissues,  but  which  of  the 
conslituenis  of  that  sonien-hat  variiible  substance  are  present 
has  not  yet  been  determined.  Leaving  aside  the  unicellular 
organisms,  we  have  at  present  knowledge  of  substances 
siuiilar  to  leaf-greeu  in  the  tissues  of  the  Sponge  Spongilla, 
of  the  Polyps  Hydra,  and  Anthea  ccreits,  of  the  Planarians 
Vortex  mndis  and  Convoluta  Schultzii,  of  the  Gephyrsean 
Bonellia,  of  the  ChEetopod  Cha;topterus  and  of  the  Crusta- 
cean Idotea.  Of  these  cases  only  that  of  Spongilla  and  of 
Bonellia  have  been  studied  with  special  care  as  to  their  ab- 
sorption spectra,  and  it  is  to  Mr.  Sorby's  papers  in  vol.  xt 
of  this  Journal  that  we  must  refer  for  a  minute  account  of 
them.  Mr.  Sorby  showed  by  spectroscopic  evidence  that 
the  green  matter  of  Spongilla  contains  the  same  con- 
stituents (though  differing  quantitatively)  as  do  the  leaves  of 
green  plants,  namely,  blue  chlorophyll,  yellow  chlorophyll, 
orange  xanthophyll,  xaiithophyll,  yellow  xanlhophyll,  and 
lichnoxanthiue.  In  a  later  paper  (this  Jourtiai,  vol.  xv,  p. 
166}  he  showed  that  the  green  colouring  matter  of  Bonellii, 
though  exceedingly  close  in  spectrum  and  physical  propettia 
to   the  three   species  of  chlorophyll   distinguished  by  him 
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^oc.  Roy.  Soc./  vol  ixv),  tiz.  blue  chlorophyll,  yellow 
uorophyll,  and  chlorofucine,  is,  neTcrtheless,  distinct,  and 
for  it  he  proposed  thr  nnme  BoiieUeine.  The  spectroscopy  of 
the  other  cuses  of  chlorophylloid  substance  iu  ammals  has 
not  been  worked  out  in  detail,  though  I  have  shown  that 
the  absorption  spectrum  of  the  green  colour  of  Hydra,  of 
Chsetopltrus,  nnd  of  Idotea,  is  Bimilar  in  respect  of  its  chief 
lilies  to  that  of  the  chlorophyll  fjroup. 

llesides  the  facta  as  to  (I)  solubility  ;  (2)  fluoiesccuccof  the 
solutioD;  (3)  evanescence  of  the  colour  ill  sunlight;  (4)  position 
of  the  absorption  bands;  (5)  optical  and  other  properties  of  the 
products  obtained  by  reagents,  there  aioother  highly -important 
clasaea  of  facts  to  be  looked  into  in  connection  with  the  his- 
tory of  the  chlorophylloid  substances  of  animals.  These  are 
(6)  the  form  and  distribution  of  the  green-coloured  substance 
iu  the  tissues  of  the  animal  possessing  it;  and  (~]  the  evi- 
dences of  its  physiological  activity  (whether  or  not  identical 
with  that  established  for  the  chlorophyll  of  plants).  Mr. 
Geddes  showed,  so  far  as  this  last  point  is  concerned,  that 
large  quantities  of  oxygen  were  liberated  by  the  green  Con- 
tolula  Schulliii,  and  on  the  hypothesis  that  ibis  was  due  to 
the  breaking  up  of  the  CO,  into  O  and  CO  under  the  in- 
fluence of  chlorophyll  in  sunlight,  proceeded  to  search  for 
evidence  of  the  forinalioa  in  the  tissues  of  the  Convoluta  of 
starch  or  similar  substances. 

An  analysis  of  the  Convoluta  otj  ma$ae  yielded  evidence  of 
the  presence  of  urdiniiry  vegetable  slnrch  in  quantity.  This, 
however,  is  not  in  itself  a  very  striking  fact.  Sponges, 
devoid  of  chlorophyll,  are  known  to  contain  in  vacuoles  of 
their  constituent  cells  starch,  so  far  as  the  blue  reaction  with 
iodine  is  evidence  of  the  presence  of  that  body,'  whiUt  the 
glycogen  reaction  with  iodine  hns  been  obtained  from  the 
liMues  of  a  variety  of  animals  (Tariiia,  Lamellibranchs,  &t;.). 
What  one  would  like  to  be  able  to  adduCf  as  evidence  of  the 
physiological  activity  of  the  chlorophylloid  substance  of  ani- 
mals would  be  the  appearance  and  disappearance  of  starch 
granules  in  close  association  with  the  green  substance,  and 
under  such  conditions  as  those  e^labtished  by  Sachs  in  the 
eue  of  the  chlorophyll  grains  of  higher  plants.  Unfortu- 
nately  this  is  not  possible  in  the  case  of  Convoluta.    Sf- 

'  S«  Sdter.  'Zeitsclir  wiss.  Zool.',  Bd.  xx\.  p.  571,  IS7S.  H«  < 
laiaed,  to  *  oerlaio  nnmbei  of  cclJi  o(  variuui  BjioDget,  a  bloc  Colon 
vitb  iodine-  lie  sUrcli  ^iMsred  lo  be  in  Kolutioii,  ud  oouiiintd  is  u 
"  ■  oocn^  hj  the  Boltenl.  Kdlor  found  it  in  S/ioaffilla  laer- 
I  lUorwli*,  3fj*ilta  /ttciculala,  Gtvdia  gtgas.  TXV"  '/■" 
■MW,  SabtriluJlatM.  Bd  M«d.  on  tcatdiiii^.  lo  Hud  il  ii 
9,  \a  Haliurca,  snd  b  CbondcotU. 
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liGeddes  gives  important  observations  referable  to  our  sixth 

j  categofy,  fironi  which  it  appears  that  the  green  substance  of 

Convoluta  does  not  exist  in  tlie  form  of  gniins,  nor  of  fine 

granules,  but  "is  diffused  throughout  the  whole  protoplasm" 

'   of  certain  cells,  which  lie  beneath  the  circular  and  longilu-  I 

dina I  muscles.  Thus,  the  green  substance  of  Convoluta  differs 
<  most  markedly  from  that  of  the  allied  Vortex  ciridis,  in  which 
'  it  occurs  in  ihe  form  of  drops  in  the  cells  ;  equally  it  differs 
from  that  oi  Hydra  viridis  anA  of  Spongilla,  which  occurs 
in  the  form  of  grains  embedded  in  the  protoplasm  of  cella, 
the  grains  having  the  form  of  concavo-convex  discs  in  Spon- 
gilla.     In  BoucUia,  too,  and  Choetopterus  the  green  substance 
•  IB  granular;  in   Idotea    it   is  diffused.     Nevertheless,  Mi. 
Geddcs  obtained  evidence  of  the  formation  of  fine  granules 
6f  starch  in  the  green  cells  of  Convoluta  by  the  appUcatioa 
of  iodine  to  fresh-teased  preparations  of  the  worms  tissues. 
This  we  must  regard  as  the  most  important  part  of  the  evi- 
dence which  he  is  able  to  adduce  in  favour  of  the  view   that 
Convoluta  SchuUzn  is  actually  nourished  by  the  activity  of 
its  chlorophyll — that  it,  in  fact,  feeds  on  carbonic-acid  as  a 
green  plant  does. 
I        It  remains  to  be  seen  whether  similar  or  even  more  eon- 
k-clusive   evidence  of   this  kind  can    be  obtained   from   the 
r^amination  of  such  chlorophyllaceoua  animals  as  Hydra  and 
Spongilla. 

Air,  Sorby,  writing  in  1S75  in  this  Journal  on  .Sjiougilla, 
said:  "It  would,  I  think,  be  well  worthy  of  study  to  ascer- 
tain whether  low  animal  forms  which,  like  Spongilla,  contain 
chlorophyll,  have,  when  exposed  to  light,  the  power  of  de- 
composing caibonic  acid,  and  supporting  themselves,  to  some 
extent,  as  plants  ....  If  so,  they  would  be  animals  to  some 
extent  capable  of  plant-like  growth,  and  would  thus  be  the 
reverse  of  those  plants  which  have  lately  attracted  so  much 
attention  on  account  of  their  being  able  to  partially  support 
themselves  by  means  of  complex  animal  food,  which  they  can 
digest  and  absorb  like  the  most  perfect  classes  of  animals." 
Mr.  Geddes's  researches  have  established,  in  one  case -at 
least,  what  the  mere'  fact  of  the  presence  of  chlorophyll  in 
animals  had  led  naturalists  to  entertain  as  hypothesis.  He 
remarks:  "As  the  Drosera,  Dioncea,  &c.,  which  have 
attracted  so  much  attention  of  late  years,  have  received  the 
striking  name  of  carnivorous  plants,  these  Planarians  may 
not  uu&irl^  be  called  vegetating  animals,  for  the  one  is  the 
precise  reciprocal  of  the  other.  Not  only  does  the  Dionsa 
imitate  the  carnivorous  animal,  and  the  Convoluta  the  ordi- 
nary green  plant,  but  each  tends  to  lose  its  own  oomul 
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racier.     The  tiny  root  of   the    Drosera  iiiid    llie    half- 

blanclied  leave«>  of  Pinguicula  are  paralleled  by  ihe  nbsence 
of  n  distinct  Alimentary  canal  and  the  abstemious  habits  of 
thu  PUnariaa." 

It  is  worth  while  pointing  out  tliat  a  coneiderable  difficulty 
in  relation  to  the  view  that  the  green  specimens  of  Hydra 
viridit  and  SjMngilla  Jlueiatilia  possess  a  vegetative  nutri- 
tion, is  presented  by  the  fact  that  side  by  side  with  the  green 
specimens  occur  very  abundant  colourless  specimens,  which 
appear  to  be  equally  robust  and  healthy.  Do  these  colourless 
pxnmples  possess  a  colourless  inoditicntion  of  thloruphyll 
which  decomposes  carbonic  acid  f  oris  the  capricious  distri- 
bution of  the  ^reen  substance  analogous  to  the  capricious  dis- 
tribution of  Hicuioglubin,  which  is  preseul,  for  instance, 
in  the  blood  of  Planorbis  whiUt  absent  from  that  of  its 
associate  Linntcus  *. 

In  connection  with  this  subject  it  is  important  (o  notice 
that  Metsclinikoff  has  shown  that  in  Rhabdocsel  Pluiiurians 
the  individual  cells  of  the  enteric  tract  engulph  foud-par- 
licles,  and  thus  reduce  the  digestive  processes  of  these 
worms  to  the  stage  presented  by  colonies  of  nmteboid  orjjau- 
isms  devoid  of  a  true  enteron,  whilst  Balfour  has  suggested 
thai  the  nuttlliun  of  the  sponges  is  effected  by  the  cells  of 
ihe  ectoderm  and  by  those  of  the  eududerni ;  not,  therefore, 
by  aid  of  n  digestive  cavity.  Meteschkowsky  ('Ann.  and  ilag. 
of  NnU  Hisl.,'  March,  18T9)  has  adduced  evidence  in  favour 
of  a  similar  jirooess,  not  only  in  Sponges  but  in  Medusie, 
the  latter  of  which  he  ha«  observed  not  unfrequently  to  be 
devoid  of  stomach  and  buccHl  aperture. — E.  Rav  Lankkstsk. 

A  lew  Oenui  of  ProtisU.— Prof.  Snrokin,  of  Kasan,  de- 
scribea  under  the  name  Oloiiiium  quadrifidum  in  Oegen- 
baur's  '  Morph.  Jahrb.,'  Bd.  iv,  p.  399,  a  new  naked  protu- 
plasinic  orgnnism  devoid  of  nucleus,  '03  mm.  in  diameti-r, 
with  vacuolalpd  f ndosarc  and  hyaline  periphery,  which  gives 
Ti>«  Xo  lamellar  pstcudoiwdia,  and  possesses  a  pulsating 
vacuole,  it  was  discovered  in  an  aquarium  containing 
Oacillarife,  Ilormidia,  &c.  The  specific  name  refers  tu 
iu  babtt  of  multiplication  by  quadripartite  division  with- 
out cncyslatinn.  Prof.  Sorokin  aUo  observed  the  formation 
of  a  cyst  around  single  individuals,  which  was  nut  followed 
by  diviaioo,  but  iu  many  eases  the  organism  e»cai)ed  frcm 
ine  cyst  by  means  of  a  small  hole,  which  it  anpears  to  have 
the  power  of  boring  in  ihe  test  with  which  it  has  previously 
conrred  itaclf. 
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DoaiJium  kinutam,  Bailey,  occnrritig  in  Scotland,  fxhilitfJ.— 
Mr.  Arelier  showed  eiamplea  of  Docidium  hvrsutum,  Bailey,  takeft  I 
00  the  Deeaide,  in  Scotland;  it  was  very  acauty  indeed  in  tbo  1 
gathering,  but  Mr.  Eoy  informed  Mr.  Archer  that  he  had  before 
sncouutered  it.     It  aocm^  to  be  suarcely  happily  named,  a»   the 
roughnesaeB  on  the  super&ciee  partake,  bo  to  eay,  more  of  the  clia- 
racter  of  elongate  papilla  tbau  of  "bairsi"  but  Bailey  epeaks 
of  it  as  "  strongly  hirsute,"  poBsibly  in  alluBion  to  the  coarseneas 
of  these  "  hairs  " — a  point  perhaps  rendering  the  identification 
of  the  form  the  more  certain,  but  still  his  figure,  in  that  case, 
«lk0W9  the  rouglmeeaea  as  rather  fine.     It  is  not  a  very  pretty  ^ 
.form  ;  the  wall  appears  thick  and  aomewhat  opaque,  and  the  green  ■! 
contents  not  of  a  lively  tint.     In  these  countries,  at  least,  it  must 
be  Burely  a  very  rare  species. 

Section  from  an  Enclwndroma  of  Tibia,  exhihilcd.~i,ir.  B.  WiUa 
Eichardaon  exhibited  two  stained  sections,  one  red,  the  other  blue, 
taken  with  the  frecziug  microtome,  from  an  enchondroma  that 
sprang  from  the  head  of  the  tibia  of  a  young  man.  The  tumour 
attained  to  a  large  size  in  a  few  mouths  and  nmputation  above 
the  knee  had  to  be  performed.  The  case  hail  a  malignant  iiistory, 
death  LaviDg  occurred  a  year  after  the  operation,  The  cells  and 
their  nuclei  were  large  and  there  were  one  or  two  ossilic  centres 
in  each  section. 

Exhibition  of  Octaviania  atterosperma,  Vitt. — JIp.  Piui  exhi- 
bited Octaviania  aslerosperma,  Vitt.  This,  the  first  hvpogieoua 
fungus  that  Mr.  Km  had  met  with,  occurred  in  liis  garden  at 
Monkfltown,  on  a  piece  of  old  carpet  that  had  been  dug-in  with 
manure.  It  appears  to  be  but  very  sparingly  distributed  both  in 
England  and  on  the  Continent,  and  is  now,  it  is  believed,  recorded 
for  the  first  time  in  Ireland, 

Section  of  Dolerite,  containing  the  new  mineral  Mullite,  Hard- 
man,  exhibited. — Frofessor  Hull,  F,B.S.,  exhibited  a  thin  sectioD 
of  tKft  olmuft  dtrlerite  of  Carmoney  Hili,  near  Belfast,  containing 
the  new  mineral  called  "  HuIHte,"  by  the  discoverer,  Mr.  E.  T. 
Hardman,  who  has  given  a  description  of  it  at  the  recent  meet* 
of  the  British  Association  in  Dublin  (Section  C).    The  minenJ 
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1  gmiiiH  Glling  Mvities  and  small  tiasures  in  tlio  rock. 
I  is  black,  glossy,  and  haa  a  conchoidal   fracture,  reseiubHag  ' 
'tctistooe,  but  the  eliemic.il  analysis  sliows  it  lias  no  cdiiaectioa  ] 
ib  this  miueral,  aa  it  belongs  to  tlie  feirugino-cliloritii.-  group, 
■itli  a  2-iuch  object  gloss  it  appears  translucent,  of  a   rich  J 
^wnish  yellow  to  bronze  colour,  sometimes  traversed  by  dark  J 
isin-like  bars.     Tt  is  structurolees  or  reticulated,  filling  cnvitiea  | 
i  the  narrow  fissurea  between  the  other  minerals,  which  enn- 
t  chiefly  of  unaltered  olivine-plagioclase,  a  little  augite,  and  a  1 
few  grains  of  titan o-fer rite.    The  mineral  does  not  polarise,  but 
with  a  higher  power  (1-ineh  objective)  shows  evidences  of  a  reni- 
form  structure.     The  olivine  in   the  rock  is  unusually  fresh  and 
polarises  vividly. 

Section  o^  Spine  of  Salmoeit  raritsima,  Agaeaix. — Mr.  IMackm- 

tosti  exhibited  a  crose-aection  of  SaJntaeit  rariasima,  Agassiz,  one 

of  the  Acantbopncustes  grou|),  wbieli  though  ap]iarcnt]y  mnuo- 

nliiie  in  its  mode  of  jjrowtb  ia  uot  truly  ao,  inasmuch"  aa  the 

md  wedges  which  make  up  the  grater naft  of  the  spiuc  exhibit 

■rieti  of  expansions  at  regular  iiitervala  indicating  periods  of 


Tid  Moore  sboweil  specimens  nf  the  macTO-  and  microsnores  of 

t  new  species, /ifo«/rK  ^om,  just  described  and  flgureo  in  the 

■  lunal  of  Botany.'  and  contrasted  the  latter  with  tliose  of  the 

1  species    hoeU*  tetacea,  a    native  of  tlie  Slediterraueau 

December  \9l1t,  I»78. 

indetcribed  tpeeict,  tkoicn. — Dr.  E.  Perceval  Wright 
kibited  mounted  «pecimena  of  a  species  of  the  genus  Neo me ris, 
Qcclcd  in  the  friendly  laJes,  by  the  late  ProfcsBor  Harvey.  In 
i  working  collel^lion  of  Dr.  Uarvey  the  species  stood  recorded 
itr  the  manuscript  name  of  .V.  eapitaia  .-  from  A',  dumelota  of 
borck  it  ditfert^  in  very  many  respects,  and  from  JV'.  (Deeait- 
la)  Hilida  of  tlarvcy  it  diifereil,  not  only  in  being  less  ealca- 
lu,  but  in  the  beautiful  recular  hexagonal  sbipe  of  the  ccdls, 
I  by  ihc  apparently  one-celled  «tipcs. 

SeetioH  of  Qtiarfi\/irout  Diorilc  of  QueKott,  thown. —  Profej-sor 
H*II,  F.Il.ti.,  exhibited  a  aectiou  of  quartEi'erous  diorite  of 
Quroaal,  kindly  lent  him  by  M.  I'Abbe  Reynard.  In  the  crystal- 
line ipiius  of  the  silica  were  to  bo  seen,  by  the  aid  of  a  high 
jnifying  power  (SUO  dianiett-rs),  fluid  cavities  containing 
inute  transluceot  cubes,  in  lorreil  to  be  those  of  sodium  chloride 
),  and  about  ^oio^th  of  an  inch  iu  size.  In  one 
I  cells  exhibited  the  vacuum  bubble  was  observed  close 
I  the  crystal.  The  "diorite  qiuirtiif^ro  "  of  Queues t  ia 
I  for  containing  these  cube*,  which  have  been 
d  by  Dr.  Zirkel  in  the  granite  of  Arran,  in  Scotland,  and 
f  nuki. 


I 
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New  form  of  Ctelosj>hieriuiii,  inhahilinjU 
a  fiowering  plant,  shown. — Mr.  Archer  eof 
br  ProfeBaor  Alesnnder  Dickson  of  the  iJ 
plaut,  containing  in  the  spaces  examplei  ofl 
alga,  moFjihologicallf,  if  the  t«rm  be  alld 
Ifageli's  genus  Ccelosphxrium.     It  aeemefl 
ordinary  pond  speciee  in  the  reddish-browuB 
and  in  the  elongate,  not  orbicular  cells  the| 
A  proper  cup-like,  gelatinous  support — tiw 
wnat  like  an  acorn  in  its  cup — this  cup- 
appearing  as  if  somewhat    prolonged  dowi 
pronounced  a  manner  as  may  sometimes  I 
rorm,  met  with  in  Yi<yo]n,Gomp>ioipkiffriaaponm 
the  form  would  appear  to  be  heretofore  undn 
unusual  hah.itat  may  hare  something  to  eaytl 
similar  allied  formu  occurriug  in  the  tissueHV 
are,  however,  now  not  rare.     If  one  ahouldH 
form  in  a  pond  it  would  at  once  strike  ( 
Mr.  Archer  thought  he  might  be  justified  in 
Oaloupkarivm  Dieksoni,  after  its  discoverer.   J 

Section  of  Spine  of  J'ht/llacant/iu»imperialia,i 
intosb  showed  a  cross-section  of  the  spinel 
imperialit.  Lam.,  taken  near  the  apex.  It  I 
regularly  stellate  appearance,  due  to  the  projel 
of  ridges  on  the  surface,  and  had  a  very  tmctc  efl 

Cryttah  of  Magneeian  Phosphate  from  Urine,' 
size.  kIioicii. — Dr,  Tichhoruc  showed  crystale 
maguesian  niioapliute  from  urine,  of  remarkiibly 
the  largest  lie  had  ever  aeen  naturally  depositei. 
were  6  mm.,  and,  being  of  a  beautiful  regularity,  m 
suitable  for  polarisation. 

16th  January,  1879. 

Sectio 
ilinthene, 

of  a  syenite  (quartz,   felspar,  horuhleude)  from  i 
containing  long  prisma  of  a  greenish  glistering  mine: 
to  bo  disthene  (kyanite),  the  analysis  of  which  giv. 
alumina  632  (Dana).     This  mineral  was  formerly  i  ■ 
Professor  E.  S.  Scott,  in  Donegal.     With  a  magnifj 
about  225  diameters  the  grains  of  silica  were  seei^ 
numerous  fluid  cells,  together  with  long  prisms  abrupt  ' 
Some  of  these  prisms  were  also  continued  iuto  the  lel' 
comparison  to  their  diameters,  were  of  great  length  a.  ' 
straight.     Though  generally  colourless,  they  sometinw 
^ahadea  of  brown  or  umber.     The  mineral  polarises  vi\  > 
listhene.     Olivine  is  also  present, 
i  Heel,  stripped  of  Epithelium,  ihoun  • 
iichardson  exhibited  two  blue-stained  sections,  ea 
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_,  if  the  culiB  vera  (trom  the  human  heel),  totally  stripped  of 
epithelium.  The  papilla  were  thus  pert'ectly  eipoaed  anci  in  full 
relief.  SeetioDB  of  the  heel  were  made  vitu  the  freezing  micro- 
tome last  year,  aod  he,  being  engaged  with  otlier  matters,  had  to 
■llow  tbem  to  remaia  until  recently,  in  glycLTinti  and  some 
Beale'a  carmine  stain.  To  bis  eurpriae,  when  he  examined  them 
he  found  that  the  epidermis  had  se^iarated  from  all  the  sections, 
poMibly  from  the  action  of  the  amaionia  of  the  stain,  which  wasin 
excess.  With  aome  trouble  he  restained  a  few  of  them  with 
niiilin  blue,  two  of  which  were  those  ho  exhibited.  They  were 
mounted  in  Farrant's  solution,  ail  excellent  medium  for  anilin 
blue  etftinings,  as  he  fancied  it  preserved  the  colour. 

Pitki^ihora  Keuen»i»,  Iraniferrr-J  from  Eeic,  ontt  fouriihhi'/ 
at  Olatnrrin.  nhouin, — Dr.  Moore  showed  a  copious  growth  of 
Pilhophora  Kciornti-i,  Wittr..  in  the  normal  healthy  state,  froma 
■mall  aupidj  sent  from  Kew  in  July,  1878,  to  Dr.  E.  P.  Wright, 
and  which  Dr.  Moore  had  placed  in  one  of  the  tanks  at  Olna- 
nerin,  where  it  seemingly  was  inclined  to  flourish. 

A  probably  new  Coamarium,  ihown. — Mr.  Archer  showed  exam- 
ples of  what  seemed  to  be  either  a  new  Cosmarium  or  a  form 
of  Catm,  kexalobum,  Kordst.,  some  from  Scotland,  prepared  by 
Mr.  Bissct ;  olhera  from  County  Wicklow,  obtained  in  Glencree. 
Those  specimens  at  least  were  absolutely  identical,  one  and  the 
aam«  tbmg  in  the  most  minute  detail,  and  Mr.  Archer  thought 
would  really  prore  to  be  distinct  from  Cotm.  hexalobum,  besides 
being  apparently  decidedly  smaller.  It  is,  here,  at  any  rate,  a 
Teiy  rare  form. 

Sagt  of  Eehinorhi/ticus,  cariout  ttayfa,  »ho\fn.~~-J)t,  Mscalister 
sihibitod  theeggs  of  Ekeinorhgne\u  pingui»,&\\o^'m^  the  early 
stages  of  the  formation  of  the  embryo  of  that  species,  the  tri- 
laminar egg-cnrelope,  and  the  two  kinds  of  blastomcres,  into 
whirh  the  ycik  aegmcnte.  The  farmatiou  of  a  central  cavity 
was  also  visible  in  some  of  the  more  mature  embryos. 

Slruclitre  of  the  ffreen  normal  leave*  of  Pinvt  monopkylla. — 
ProfcMor  McXab  exhibited  trausreive  sections  of  the  green  nor- 
mal leaves  of  Piniu  monophylla.  tTsually  in  Piuua  the  normal 
leavoa  arc  reduced  to  thin  scales  in  whose  axils  the  short  nhnols 
with  the  needle  lesTcs  are  developed.  Frequently,  however,  in 
J*.  mo*ophylla,  these  normal  leavee,  instead  of  being,  aa  they 
sometimee  are,  mere  scales,  become  Iat^  green  flattened  siruc- 
torea  resembling  the  leaves  of  Abies.  Such  leaves,  often  nith 
Mingle  needles  or  two  needles  in  their  axils,  are  frequent  on  youns 
plants,  on  the  newly  formed  ahoote,  both  terminal  and  lalcraL 
On  transverM  section  these  normal  leaves  arc  seen  to  be  somewhat 
triangular,  flattened  above,  but  with  o  projecting  midrib  below. 
Both  upprr  and  under  surfaces  possess  etomnU'i.  There  arc  two 
reaiu  canals  in  each  leaf  close  to  the  epidermis  of  the  under  side, 
and  about  halfway  between  the  rounded  margin  of  the  leaf  and 
the  projecting  midrib.  There  is  a  single  fibro-vnacular  bundle, 
——rounded  by  a  dislinctly  marked  sheath ;  the  hypodenu  is  well- 
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dereloped.  These  normal  leavea  must  not  be  coBlbunded  with  tlw 
ne«dle- leaves,  which  are  produced  in  the  axiU  of  the  larger  or 
smaller  normalleaveB,  either  singly,  in  pairs,  or  in  threes ;  in  young 
plants  either  fitngly  or  iu  pairs,  in  old  plants  usually  in  tbT«ei). 
The  singla  neeilles  have  a  large  central  fibro-rascular  bundle  an^L 
well-marked  aheatb,  aurrounding  a  quantity  ot  tissue  belongi 
to  the  fibro-raacular  masa.  The  Ktomata  are  placed  in  row 
nmnd  the  cylindrical  leaf.  There  are  two  re  sin- canals,  and  at 
douce  of  hypoderm  is  developed  between  the  rowa  of  stomatiL* 
The  leaves  in  pairs  are  half-oyiindrica!,  stomata  on  both  surfaces 
and  with  a  smalt  fibro-Tascular  bundle  in  a  mass  of  tissue,  sur- 
rounded hy  a  circular  eheath.  The  hypoderm  is  well  developed, 
and  there  are  two  resin-canala  in  each  needle.  When  in  three*  I 
the  needles  are  triangular,  with  a  double  fihro- vascular  bundle  an" 
I  no  rceio-eanats.  The  variation  in  the  structure  of  the  needles  ii 
remarkable,  and  the  production  of  large  green  normal  Icava 
seems  to  be  a  unique  character,  as  yet  quite  overlooked  bi 
botanists. 

2Qth  Mtbruari/,  1879. 

The  stated  meeting  of  the  Club  appointed  for  the  above  even-.— 
inj;  did  not  take  place  owing  to  the  recent  sudden  and  lamented 
death,  on  3rd  iust.,  of  one  of  the  members,  John  Barker,  M  D. 
F.B.C.S.I. 

20M  March,  1879, 

Foggil  Calcareous  Algie  and  remarks  Iherron. — Dr.  E,  Perceval 
Wright  eshibiteil  BpeL-imoiis  of  Cr/mojiolia  rosarium.  Lame,  and 
Polytrypa  ehngatn,  Defranc,  side  by  siiie  and  called  the  attention 
of  the  Club  to  the  very  imporfant  memoir  of  M.  Munier-Chalmaa, 
"  Sur  les  Alguea  calcaires  appartenant  au  groupe  des  Daaycladces 
Harv.  et  confoduea  avec  les  Foraminiferes,"  uhich  waa  published 
in  the  'Comptes  rendua  hebdoniadairea  of  the  French  Academy  of 
Science'  for  October  29th,  1877,  and  which  opened  up  quite  a 
new  or  almost  a  new  field  of  research,  which  has  been  followed 
up  by  the  same  author  in  a  note  presented  last  month  to  the 
Geological  Society  of  France,  "  On  the  genus  Ovulites."  Though 
regarded  by  some  of  the  most  eminent  palieontologista  as  a 
mouothalaniic  Foramiiiifcr  related  to  Logena,  tlie  genus  Ovuiites 
is  herein  clearly  deinonstnitcd  to  be  neither  more  nor  less  than  an 
articulation  of  a  siphonaccoua  alga  having  very  close  affinitioa  to 
Penicillus. 

Ovulites  tnaryaritula  is  described  by  Messrs.  Parker  and  Jones 
"a*  a  common  Foraminifer  of  the  '  Calcaire  grossier.'  Shaped 
like  an  egg,  and  when  full  growTi,  about  the  size  of  a  mustard- 
seed,  it  is  one  of  the  most  elegant  of  the  fossil  forms.  The 
large  termical  apertures,  moreover,  curiously  impress  upon  th« 
mind  its  resemblance  to   a  'blown'  bird's-egg.     [Written  in 
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lt!J(>0|  nanadarB  birds'  eggs  are  not  thus  blowu,]  It  U  the 
Inrgtjat  of  the  monothalamoiie  Foramiuil'era.  As  a  species  it 
nnpffaw  to  hn*e  been  ahort-livfld,  Full;^  developed  in  the  deposits 
of  Httiitentle  and  Grigiion  it  breaks  in  at  once  in  the  Eocene 
period.  It  lingers  as  an  attenuated  form  in  the  Miocene  beds 
of  San  Domingo.  A  recent  Ovulite  has  not  beeo  met  with. 
Seareeiy  another  i'oraminifer  pregeiita  uh  with  a  sirailarly  brief 
biiitory — an  undescribed  form  aliiert  to  Dactyloporn  unording 
almost  the  ouly  parallel  (onmelf,  Aeieularia  pavantina, 
d'Arch.)." 

Iq  paaeing  it  may  bo  noted  that  without  doubt  this  last  men- 
lined  form  !•  alsu  only  a  portion  of  a  calcareous  alga. 

The  earlier  memoir,  of  which  the  '  Comptes  rendus '  publishea 

only  an  eitract,  reminds  us  that  it  it  not  so  very  long  ago  (1842) 

since  Prof.    Decaisne  demonstrated  that   a  number  of  marina 

forms  known  as  loophvtes,  CornlliDa,  CymopoIifl,NeomeriB.  Peni- 

cilluB,  Udotea,  Halimeda,  &c.,  were  in  reality  veritable  alga;,  but 

we  may  remark  that  Professor  Schwcigger,  of  Kiinigsberg,  had 

from  autunl  observation  of  living  specimens  of  several  species  of 

the«e  calcareous  algte  at  Villefranche,  come  to  the  same  conclusion 

in  ISIS   (Beobachtuugen  nuf  naturhiatorlehen  Relsen.     Anat.- 

pbjB,  UnterBuchungeu    tiber   Corallen,'     Berlin,  ISlS),  and    if 

one  were  In   go  back    to    the  pre-Linnean  times    Hay   (1600) 

^■^OMiibed    Corallina  as  "  plantie   genus   in    aquis  nascens,"  and 

^HkfiUanMnl,   Caroliui,   and    Olivi,   even    maintained    tbe    same 

^^H|i&st  ihe  peculiar  reasonings  of  EUia,  the  authority  of  Lin- 

^B|iu.  and  despite  the   converaiou    of  Pallas;  but  so  iiiHnenccd 

6r  anthoritT  were,  apparently,  most  botanists  down  to  1842, 

that  a  Professor  of  Bolanv  '      '      "'  .  "  - 
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ham)  politely  requested,  it 


1  the  Edinburgh  TTnivermty  (Gni 
I  said,  the  iioologists  In  keep  Ihei 


Cryptogamia  to  themselves,  and  a  Professor  of  Botany  in  the 
Dablin  University  (Hai\ey),  in  the  first  edition  of  his  '  Manual 
of  British  Alga- '  (IS-tl),  did  not  include  any  of  the  Corallines. 
Sincv  the  memoirs  of  Decaisnc  and  Chauviu,  all  this  baa  changed. 
Mid  we  imagine  that  there  is  now  no  difference  of  opinion 
oxtitiag  among  botanists  as  to  the  general  affinities  of  the  living 
forma  of  cftlcnreous  alga;. 

U.  Knnicr-CbalmsR  in  his  memoir  demonstrates  that  there 
must  be  also  added  to  this  group  a  numerous  series  of  fossil 
ftirms  which  the  obi  authors  placed  among  the  polyp",  and 
which  most  of  tbe  mmlern  writers  on  the  subject  bare  ranked 
unong  theForaminifcra.  Bosc,  in  ISlHi,  described  and  figured 
(' Jnums)  de  Physiijin','  Juin,  ISOU)  some  fossil  organised  bodies 
under  the  name  of  liflfporilet  oroidtt.tor  which  bodies  Lamarck, 
in  1S16,  established  the  genus  Dactylopora.  "  The  most  sinKular 
Tarictica  of  opinion  have  existed,"  writes  Dr.  Camonter  in  his 
welUknawn  •  Introduction  to  the  8tudy  of  the  Foraminifera,' 
M  to  tbe  true  character  of  these  fossil  organisms.  In  separating 
thno  geDerically  from  Ketepora  Lamarck  stiil  a«sociBteH  them  m 

"UJIIII|0  Srou)l    of   supposed    lOOpliytes  ;    liiis    p»sitiiili  «n»  ol»n 


raocBEDiNQS  or  societies, 

iccepted    fur   tlie    rpuub    b^  De  Blainville  and    Dtfraue."      [It 

^'Ifl  but  Justice  to  Dc  Ulaiiinlle  to  paiot  out  that  he  quotes  ifitbaaft 

'  di«ippri)val  the  Btatement  of  Schweigger,  "  que  lea  dactjlopora 

■  At  }ea  ovulites  ne  aont  rien  autre  choae  que  dea  articulntions 

I   d'uDe  grande  esp^ce  de  cellaire,  analogue  a  la  cellaire  BBli<:oni«  "]. 

•  In  1852  Dactylopora  wan  included  among  the  Foraminirern  by 

»  d'Orbigny,  who  ehowed,  uoliv  it  lis  landing,  by  the  place  he  ii»- 

llgntvl  to  it,    a    misappreiieuaion   of    the  real   nature   acarccly 

leaa    complete    then    that    uuder  which    his    predereaeera    hwi 

lain;  for    he  ranka  it  iu  iiia  order   Monostiguea,  next   to  the 

tmilooular  Ovulites,  and  says  of  it ;  '  c'eat  une  Of  ulite  ^alement 

ptrctfcdes  deux  bouts,  pourVuo  dea  Inrges  pores  pi aceee  par  lign» 

trnndveraes.'  Hotr  utterly  erroneous  ia  ihisdeaoriptionwiU  appear 

I  from  the  details  to  be  prceratiy  given,  yet  d"Orbignj's  authorltr 

I  tu  given  it  currency  enough  lo  cause  it  to  be  aceepied  by  Buca 

I  Ifitelll^nt  paleontologists  as  Pictet  aud  Bronn,  vlio  in  the  latest 

I  editions  of  their  respective  treatises  have  transferred  Dsctylopom 

to  the  place  indicated  by  him,  not,  however,  without  the  expres* 

L  Blou  of  a  doubt  on  tlie  part  of  Bronn    aa  to  whetitcr  the  tros 

dace  of  the  genus  is  not  among  the  Fistulidai  in  alliance  with 

lynaptn  and  Holothuria— a  auggestion  that  indicates  a  perversion 

»  of  ideas  on  the    subject  for    which    it  is  not  easy   to  account. 

r  The  complex  structure  of    the  organism  in  question  waa  tirvt 

'Hcribednnd  the  interpretation  of  that  structure  on  the  basia 

_I  an  extended  compariHoa  with  aiinpler  forma  was  first  given  by* 

"Messrs.  Parker  and  Jones  in  so  unobtrusive  a  manner  as  scarcely 

I  gladly  avail  myself  of  the  opportunity  which  the  present  publi- 
cation affords  to  give  a  fuller  account,  with  the  requisite  illus- 
trations of  this  remarkable  type,  the  elucidation  of  which  aeems 
to  me  not  unlikely  to  lead  to  a  reconsideration  of  the  place 
assigned  to  many  other  organisms  at  present  ranked  amongst 
Zoophytes  or  Polyzoa;"  and  then  follow  nine  pages  of  a  moat 
elaborate  description  of  every  ridge  and  furrow,  of  every  eleva- 
tion and  depression  to  be  met  with  in  any  of  the  so-called  species, 
ao  that  probably  no  single  vegetable  cell  waa  ever  before  so 
minutely  described. 

The  genus  ia  placed  the  eleventh  in  order  of  the  family  Mi- 
liolida,  a  family  which  contains  some  of  the  most  typical  of 
Foraminifera.  "  It  may  be  conjectured  without  much  improba- 
bility," writes  Dr.  Carpenter,  "that  Dactylopora  ia  only  the 
aingle  representative  of  a  group  whoso  various  forma  filled  up 
the  hiatua  which  at  present  intervenes  between  itself  and  ita 
ncareat  allies  among  the  ordinary  Foraminifera."  But,  writes 
M.  Munier-Chalmas,  "  the  study  and  comparison  of  species  of 
DasycladuB,  Cymopolia,  Acetabularia,  Neomeria,  Ac,  in  the  her- 
barium of  the  museum,  and  in  that  of  M.  Ed.  Bornet,  who  placed 
without  reserve  at  my  disposal  his  library  and  collections  of  these 

flan t a, proved  to  me  that  the  apeciea  of  Dactylopora,  Acicularia. 
'olytrypa,  &c.,  are  decidedly  algie,  very  nearly  allied  to  species  of 
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nt  genera  just  quoted,  if  not  identical  tberewitii."  I'he 
Bceompitti;iDg  Sgurea  of  Bjiecimens  exhibited  show  plsiulj,  foi 
viaiuple,  that  the  genera  Cymopolia   and    Potytryim  may  be 
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_.      .  ....  :1  of  llie  Pi 

[fWtfnim,  lAmr,  sliovin^  Ibe  winftlt  which  n 
Mil  tbo  WDtnl  spofRnftikl  mtII;. 
Kio.  i. — Tnntvfrsc  section  of  Pofylrypa  thnff^la,  D«rraoce,  *hoving  the 

MiuB  portions. 
g|g-  3.— l'«rt  of  a  whorl  of  cellules  of  C^mapolia  romrinm,  tcptnited  from 
r  the  oilcwcoa*  lube  h;  acid,    a,  Wall  or  central  cellule ;  n,  (Int  row  of 
IClIolu :  c.  tcrmiual  nhort  of  cellulea,  in  the  centre  of  which  is  »,  the 
dlltrj  tporaogiuiti. 
^_  t.— Elicll;  Iho  itinit   |iirta  id   Po/^try/ia  rloMgata,  obtaineil  from  a 
mould. 

united !  for  the  typical  epocie*  thereof  offer  in  eTCry  reaped  the 
Mine  generic  characters,  and  there  is  even  a  difficulty  to  find  for 
them  lufficiently  dintinct  specific  characterB.  Under  the  deno- 
minition  at "  Siphon  fa  virlicillata,"  M.  Munier-Cbnlmas  unites 
(1)  "ThOMgreeeu-npore bearing  nlgre  arranged  by  Harvey  in  the 
family  of  the  Daiydadeip ;  (2)  AH  those  foneil  genera  related  to 
LnirTaria,  Clypeina,  Polytrypa,  Acicularia,  Dactylopora,  and 
Uteria-  Thie  group  at  prraent  cootatna  over  Ufty  genera,  which 
are  for  the  tuoat  pait  to  t>e  met  with  in  the  tria^aio,  juraaiic,  ere- 
t«C«OUa,  and  tertiary  strata.  In  the  number  of  those  actually 
liTing  there  is  a  notable  fnlling  off,  there  being  not  more  thnn 
tbeWTCD  following  goncra: — Davycladua,  Hal icoryne,  Cymopolia 
(with  two  •ub-g<-nera,  Polytrypa  and  Decaisnella,'  g.n).  Poly- 
pbjrai,  Aeotabularta,  Neomirt«,  and  Bornetella.*  g,n.'  [Doub't- 
Ina  a   few  morr  gontjrn  of  riHint  forma  yet  remain   to  bo  de- 


'  Type,  VaciflD^ra  tntcti,  Parker. 
'  Tjjif,  Xtomtnt  HtlUa,  \lr~   "" 
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Iteribed.     Thus  Ch]orodadoB,  of  Sender,  ttppeara  to  be  a  good  n 
T  dietinct  genus  alHed  to  Das^cladua.] 

f       "The  frond  in  tbe  Sipkonea  verltcillalce  is  simple  or  dicbw 

'  tomous ;  it  consists  of  a  central  tubula  unicellular  axis,  arounj 

which  are  arranged  the  radiary  and  verticellate  ramuli,  the  exael 

arrangement  of  which  varies  act-ordiug  to  the  genera  and  to  th4 

Hpeciea.      In  most  of  the  species    carbonate    of    tinae  is  found 

deposited  in  abundance  in  the  outer  walla  of  the  main  &xis  and 

its  mmuli,  and  this  forms  around  the  plant  a  calcareous  enrfr 

^  Iflpe,  in  which  is  reproduced  all  the  details  of  its  orgADisatiooi 

L  This  mineral  coating  may  cotitiet  of  one  or  of  two   calcareona 

cylinders.     The  inner  cylinder  will  be  formed  by  the  centrt" 

axis  and  the  first  row  of  cells  which  arise  therefrom.     Tbo  out€i 

cylinder  ie  laid  down  by  the  most  external  of  the  wrliccls  ol 

I'  cells  ;  these  terminate  by  n  sjilityod-oiit  enlargement,  the  ]aterd 

edges  of  which  become  more  or  loss  consolidated  with  the  eimilac 

■  enlargements  of  neighbouring  cells,  and  by  thus  causing  a  rvcj- 

procal    pressure  very  regular  hexagonal  surface  markings  ars 

produced.      The  organs   of    fructificalion  are  tiiemselves  sur< 

Tounded  by  calcareous  material,  and  assist  in  the  formation  of  tb&' 

enter  cylinder,  a  fact  easily  seen  in  any  section  of  Cymopolia. 

"  Tlie  result  of  such  an  organisation  is  that  when  the  organua 

f  Tegetable  matter  becomes  destroyed  there  still  remains  in  thoefl 

kjDBsil  species,  which  laid  down  a  great  deal  of  calcareous  materia^ 

ns  well  as  in  those  living  apecies,  which  lay  down  more  or  leM 

of  it,  a  skeleton  permeated  by  canais  (rays  of  the  ramuli)   and 

chaiiihiTr^  (iViii'tilii.-ation'l.     This  arriin^cmeutj  which  peruiits  of 

an  exact  classification  of  the  fossil  species  being  wrongly  inter* 

preted,  led  even  some  most  distinguished  authors  to  see  in  these 

morsels  of  plants  the  full  organisation  of  a  Foraminifer." 

Here  it  seems  desirable  to  add  that  the  conclusions  of  the  author 
onthis  subject  are  in  every  particular  acouiesced  in  by  one  in  every 
way  thoroughtv  able  to  judge  of  the  tucts,  Dr.  Ed.  Hornet,  and 
on  a  careful  study  of  the  specimens  shown,  which  were  prepared 
by  Dr.  Bornet,  and  for  which  Dr.  Wright  took  this  opportunity 
of  thanking  him,  it  was  scarcely  possible  to  conceive  the  demon- 
stration as  admitting  of  a  doubt. 

Mounted  specimens  of  nearly  all  the  recent  species  were  also 
exhibited. 

Coloured  Drawings  hy  the  late  Mr.  Slewart,  of  JEdinhurgh,  of 
some  Supicohus  Algce,  exhibited.— VroinsiOT  McNab  showed  some 
beautifully  executed  coloured  drawings  by  the  late  Mr.  Stewart, 
of  Edinburgh,  for  Mr.  Jenner,  of  that  city,  of  certain  rupicoloua 
algiB — Olirocapga  tanguinea  and  others.  Amongst  these  was 
one  of  a  filamentous  form,  evidently,  on  the  one  hand,  related  to 
Scytooema,  and  on  the  other,  by  reason  of  its  tapering  filamenta, 
related  to  Eivularia.  A  speciality  seemed  to  be  that  groups  of 
filaments  occurred  spirally  curved  and  intertwined,  giving  the 
aspect  of,  as  Jt  were,  a  great  cable,  the  scale  upon  which  the 
drawing    was    made    being    large,    probably    600    diameters. 
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Tlie  cetla  ieeuted  to  form  a  single  file,  mode  of  brauchiiig  not 
evident.  The  urobablj^  inner  and  older  portions  of  the  mnas 
appeared  colourless,  whtUt  the  Heemingly  more  vigorous  portions 
Ktioned  a  browo  colour;  the  aheath  very  thick.  This  ciirioua 
form  (with  tiie  rest)  wag  t'ouod  on  rocks  m  Arran. 

Coimariu't  aeonthophorum,  Xordstedt,  exAibHed.—iir.  Archer 
■hoired  an  example  from  Professor  Nordatedt's  hands  of  hia  so- 
called  Coimariuiii  aeauthopkornm.  TVliy  lie  refers  this  form  to 
Coamnrium  nt  nil,  and  not  to  Xantbidium,  Mr.  Archer  could  not 
MWi  M  it  seemed  iiodoubtedlf  to  come  under  the  latter  genus, 
joat  as  decidedly  as  do  Xaathidium  aculcatum,  X.  Nordttfdtii,  or 
the  conmion  X  anfitojueum.  filr.  Archer  showed  in  iHuatration 
Xanthi4ium  aruleatum  i^ido  by  side. 

Exhibition  of  Ilehninlhotporium  echinulaium,  Berk.  — 
Mr.  Qroenwnod  Pirn  showed  Ilrlmi iifhosporium  eehinulatum. 
Berk.,  which  occurred  lu  considerahli'  abundance  on  the  Trost* 
killed,  though  not  fiillcu,  leaves  of  Euealgptiu  globuJut  in  his 
guden  al  Sfockstown.  It  Is  a  very  distinct  form,  beiog  the  only 
one  of  the  genus  iu  which  echinulate  spores  are  found.  It  seems 
to  be  rare,  as  Cooke  quoteo  but  one  Buthority,  vii.  Rev.  M. 
J.  Berkeley,  in  'Ciardeners'  Chronicle,'  1870,  who  found  it  on 
MtrnAtion-leaves — a  locus  for  numerous  microscopic  fungi.  The 
plant  shown  accorded  exactly  with  Berkeley's  figure. 

Exhibition  of  Section  of  TeMticle—'iAT.  fi.  Wills  Itichardsoa 
exhibited  two  complete  sections  of  the  testicle,  with  portion  of 
the  epididymis  of  a  boy  nine  years  of  age.  They  were  made  with 
the  Ireezine  microtome  and  were  cut  from  before  backwards 
paraJlel  to  the  side  of  the  organ,  were  unbroken  aud  exceedingly 
tbia.  One  was  an  anilin  blue  staining,  the  other  a  picro- 
•CArlct  made  with  picric  acid  and  a  scarlet  obtained  from 
Me«era.  Brooke.  Simpson,  and  Spiller,  of  London.  This  section 
VM  first  stained  with  an  alcoholic  solution  of  the  picric  ncid, 
then  washed  in  rectified  spirit  and  subsequently  coloured  with  an 
•hsoboltc  solution  of  the  scarlet.  Half  au  hour  or  so  sufficed  for 
the  prtk-ess.  When  sufficiently  stabed  with  ibe  scarlet,  the 
section  was  again  washed  iti  alcolio!  and  finally  mounted  in 
dammar  autution. 

S«-(MMi  of  Quarttilr  from  JTspfttn.— Professor  Uull,  F.R.S., 
ejchibited  a  thio  section  of  the  micaceous  quartzite  of  Nephin. 
It  is  of  a  light  gri-y  colour,  eihibitiuz  slight  traces  of  foliation, 
and  containing  numerous  minute  flakes  of  mica.  The  plane  of 
Ibe  section  is  at  an  angle  of  about  25'^  to  that  of  foliation.  With 
S-inch  objective  the  mass  appesrs  to  consist  of  colourless,  trans- 
lucent quarts,  with  numerous  elongated  crystAls  of  mtco,  lying  in 
neu^y  ptrallel  directions.  With  the  polnriscope  the  silica 
iBSpWta  itself  into  di»tinct  gmnules,  irregular  in  form  and 
^^~"  *  '  '  "  f,  particularly  with  crossed  Nicols,  when  it  showa 

d  of  purjde,  blue,  retlow,  pink,  li){ht  yellow, 
0  colours.  The  mica  alno  polarises  aud  shows  the  usual 
'  «  plnnes  of  cleavage.   With  1  objective  minute  cells 
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« leen  in  the  silica.  It  iB  clear  that  tbe  origioal  grains  of  eaod  , 
t  of  which  the  rock  was  formed  before  metamorphism  still  retain  i 
I  their  iDdiriduality.  I 

'       At  the  close  of  the  meeting    the  following  BfsolutioD  wu  ' 
ptwsed: — Beioh'ed  that  "  the  Club  desire  to  place  on  record  their 
sense  of  the  great  loss  ivhich  they  have  euBtained  bj  the  sudden 
deAth  of  their  ordinary  member.  Dr.  John  Barker.    He  was  a 
long  eeteemed  and  much  valued  coUei^ue,  always  ready  for  auy 
I  act  of  friendly  kindnessi,  genial  and  warm-hearted,  faithful  and 
\  true.     By  those  of  the  Club  who  knew  liim  long  and  intimately, 
I  well  by  tbe  pond-side  as  by  the  fire-side,  be  will  be  equally 
I   missed  and  regretted,  nor  can  his  place  among  uh  be  ever  tilled 
by  one  more  sincere  to  his  friends  or  to  everything  he  thought 
honest  and  upright." 


Devklopment    of' 
CoMMos    Newt.       By   W.  U.  Scott,  B.A.,    Fellow  of 
the  College  of  New  Jersey,  Princelou,  nnd   IIexhy  F. 
OsBORx,  B.A.,  Princeton.     (With  Plities  XX  and  XX!.) 

The  present  paper  records  a  series  of  obBcrvations  on 
the  developmeot  of  Triton  tesniaiua  (and  partially  ftlso  T. 
criit'tlua),  made  by  the  writers  in  the  Morphological 
Laboratory  of  the  UniTeisity  of  Cambridge. 

It  deals  chiefly  ;  (1)  with  the  formation  and  character  of 
the  "crminal  layers;  (8)  the  development  of  th«  nolochord; 
[3)  Uie  extension  of  the  body  cavity  into  the  head,  and  iho 
formnlion  of  roesoblastic  somites  in  that  region;  (4)  the 
development  of  the  thyroid  body. 

Witn  a  view  of  unking  the  following  account  as  clear  as 
possible,  we  Imvc  chosen  a  series  of  embryos  showing  the 
most  important  steps  in  development,  and  hiivr  designated 
the  stages  which  they  represent  by  letters  in  imitation  of  the 
plan  adopted  by  Mr.  Balfour  in  his  *  Monograph  on  the 
Development  of  the  Klasmobrauch  Fishes.'  And  we  have 
further  endeavoured  to  make  these  itoges  correspond  to  those 
of  Bombinator  ignnis,  as  fignred  by  Dr.  Gotte'  in  his  great 
work.  A»  might  be  expected,  Triton  in  many  ways  shows  a 
cloM  resemblance  to  the  Balrncbian,'  and  yet  at  the  same 
time  it  presents  a  number  of  curious  and  striking  differences 
from  that  type.  In  order  to  elucidate  these  we  have  followed 
Dr.  Gotte's  armngcmcnl  »s  far  as  practicable. 

The  preuaration  of  the  Triton  embryos  was  attended  with 
cOnsidciable  difficulty.  It  was  found  in  all  cases  advisable 
to  remove  the  albumen  from  the  ovum  before  hardening. 
The  Titcllut  is  (juite  hquid,  nnd  the  vitelline  membrane  is  so 
CXoessiTely  delicate  that  this  operation  must  be  conducted 

*  A.  GOtta, '  Eotwicfcclim^gctcliicte  dcr  Unke.' 

*  Tbt  Unn  **  Batncbia,"  u  lued  in  tliis  ptper  ia  the  mtnctod  lenae  h 
iqiifakat  lo  ibc  Jamrou*  AmpMia- 
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^^(h  the  greatest  care ;  and  as  the  alhumen  is  permeated  byJ 
r>sevei-&1  membranes,  it  was  found  necessary  to  cut  theM^ 
f  with  fine  scissors  before  the  embryo  could  be  with  safetjr  1 
r  extracted.  Many  hardening  reagents  were  experimented  i 
r  with — osmic  acid,  bichromate  of  potash,  MuUer's  fluid,  &c.,l 
r  but  the  most  Batisfaclory  one  proved   to  be  Kleinenberg**! 

S'eric  acid,  with  which  nearly  all  the  embryos  described  inf 
D  following  pages  were  prepared.     In  those  cases  where  thtfl 
entiVe  egg  was  hardened  without  previously  removing  thB^ 
k  albumen,  the  results  were  most   unsatisfactory.     Kleinen*  f 
I  iKrg's  hiematoxyliii  was  the  staining  Ruid  employed  for  Ihe'l 
\MctioaB. 

A, 

This    includes    embryos    inteimediate    in    age    between^ 
rGolte's  figs.  39  and  40,  taf,  iii.     The  blastospore  is  quite  ^ 
^4mall,  a  narrow  groove,  the  "  Riickenrinne,"  runuiag  forward 
■ome  distance  from  its  anterior  edge.     The  medullary  folds 
>i.o  not  as  yet  appear  in  surface  views.     The  ovum  is  still'J 
L'Blmoet  perfectly  spherical  in  shape. 

B  (Unite,  Taf.  iii,  figs.  40  and  41). 

At  this  stage  the  medullary  folds  become  well  develop) 

^and  very  plainly  marked.     As  yet  they  are  widely  separatedi^ 

The  medullary  plate  is  formed,  but  the  groove  which  divides 
it  into  two  parts  docs  not  rench  fjir  forwards  of  the  middle; 
or,  any  rate,  if  present  anteriorly,  is  extremely  faint.  The 
ovum  has  elongated  very  slightly,  but  still  appreciably. 

C  (Taf.  iii,  fig.  42). 
The  medullary  folds  now  become  still  more  pronounced, 
and  begin  to  approach  each  other.  The  point  of  closest 
approximation  is  in  the  region  which  will  eventually  become 
the  neck,  and  here  is  the  first  point  of  contact,  just  as  it  is 
in  the  Batrachia.  The  medullary  plate  is  plainly  divided 
throughout.  The  elongation  of  the  embryo  is  not  much 
more  marked  than  it  was  in  the  previous  stage. 

D  (see  PI.  XXI,  fig.  16). 

Up  to  this  stage  no  important  external  differences  between 
Triton  and  Bombinator  are  apparent,  but  now  a  number  of 
points  of  divergence  begin  to  be  noticeable.  The  medullary 
folds  have  closed  throughout  the  regian  of  the  trunk,  but 
still  remain  open  in  the  bead.  Posteriorly  they  separate  to 
form  a  sinus  rhomboidalis  ;  this  does  not  seem  to  be  merely  a 

t  of  the  canal  which  has  not  yet  closed,  but  a  genuine 
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dilatation.'  It  is  either  absent  or  vory  (raneitory  in  Bombt- 
nator.  As  the  folds  enclose  the  blastopore,  which  temniiis 
open  lill  u  much  later  period,  the  sinus  gives  a  cominunica- 
tioii  from  the  exterior  to  the  alimentary  canal,  ^Vhen  the 
siQui  closes  there  is  still  the  cummitiiication  between  the 
neural  and  alimentary  t^auab,  which  has  now  been  obtiervetl 
in  so  many  types  (Amphioxus,  Accipensei,  Elasmohrancliii, 
Bora  binn tor,  &c.)-  The  elongation  of  the  embryo  becomes 
very  dt-cided,  and  one  surface  of  it  becomes  nearly  flnt;  in 
Bombinator  this  is  ihe  dorsal  surface:  in  the  Xewt  it  is  the 
ventral,  so  that  the  latter  is  curved  over  thu  yolk.  This 
difference  is  due  merely  lo  the  larger  iimouut  of  food-yolk 
in  the  egg  of  ihe  Urodclc,  and  eannot  be  considered  of  any 
great  morphological  signihcunce.  The  benrings  of  tlm 
^jMiensed  quantity  of  food-yolk  will  be  discussed  further  on. 

^^Btbis  stage  includes  embryos,  perhaps  not  quite  so  far 
^t^anced  as  the  one  figured  in  Guttf's  T.if.  iii,  fig.  60.  The 
closure  of  the  medullary  folds  ia  now  complete  throughout, 
and  the  vesicles  of  the  hrnin  arc  obscurely  marked.  The 
cranial  flexure  is  already  decided,  and  the  whole  embryo  is 
somewhat  curved  upon  itself,  causing  the  ventral  surface 
to  assume  a  concave  outline  (except  posteriorly,  where  the  large 
mass  of  yolk  produces  a  bulge).  A  trace  of  the  opening  of 
the  sinus  ia  still  apparent. 

F  (Taf.  iii,  fig.  52). 
The  ventral  curvature  now  becomes  stronger,  as  does  also  the 
cranial  flexure.  The  curvature  is.  in  an  opposite  direction  to 
that  taken  by  Itombinator.  The  vcsieles  of  the  brnin  arc  very 
distinct,  and  the  optic  vesicles  which  commenced  in  the  last 
stage  an>  now  remarkably  l»rgf,  much  more  conspicuous  than 
iu  ihe  Uombinalorof  correaponditig  age.  Another  difference 
presents  itself  in  the  fact  that  in  the  latter  the  optic  vesicle 
ij  an  elongated  oval,  while  in  the  former  it  is  hemispherical. 
The  rudiments  of  the  fifth  and  seventh  pairs  of  cranial 
seim  appear  as  buds  from  near  the  dorsal  part  of  the  hind 
bnin,  Uigtier  up  than  in  Kombinalor.  A  few  protovertebite 
bave  been  formed.  Up  to  this  time  there  has  been  little  or 
no  increntc  in  absolute  size,  the  changes  in  form  being  pro- 
ducrd  by  the  elongation  and  narrowing  of  the  embryo. 

In  this  stage  the  cranial  flexure  is  carried  further,  and  thi- 
Iwadj  as  a  whole,  baa  taken  a  spherical  shapi',  very  difi'ereu 


W,  B,  SCOTT  AKD   BENRY   F.  OSBORN. 

iflroin  the  shape  assumed  by  the  Batrachian  head.  Tk 
KTDdimeiUs  of  the  visceral  arches  appear,  and  the  tail  begiu 
1  to  bud  out  from  the  yolk  sac  as  an  unsegmented  mass  c' 
\  tnesoblasl.     The  number  of  somites  has  increased. 

H  (Taf.  iii,  fig.  53). 

The  elongation  of  the  embryo  has  now  progressed  to 

^*ery  considerable  extent.     The  cerebral  hemiEpheres  bud  oo! 

!>  as  an  unpaired  rudiment  from  the  forebrain.      Four  visceral 

arches  and  three  clefts  have  been  fgrmed.     The  tail  has  elon> 

I,  gated  somewhat,  and  is  slill  unsegmented.     We  have  be«a' 

unable  to  discover  anything  of  the  suckers  or  horny  teetk 

"  found  in  the  Batrachian  larvee. 

I  (Taf.  iii,  fig.  54J.     (See  also  PI.  XXI,  fig.  17). 

Th'w  stage  exhibits  a  general  advance  in  development,  but 
the  only  new  feature  is  the  appearance  of  the  involution  for 
the  mouth.  This  is  transversely  elongated,  differing  from 
the  mouth  involution  of  Bombinator.  The  bead  showa 
awellinge,  which  correspond  in  position  to  those  which  Gotte 
has  named,  respectively,  kidney  swelling,  lateral  nerve, 
.seventh  and  fifth  nerves,  auditory  vesicle,  and  Gasserian  gau- 
^tion;  hut,  owing  to  the  fact  that  the  curvatitre  is  in  thtt 
opposite  direction,  these  organs  arc  separated  by  wider  inter- 
vals than  in  Boniljiniitor. 

We  shall  have  occasion  to  refer  to  one  or  two  later  stages 
(k  and  I,),  which  are  marked  by  general  increase  in  size, 
the  formation  of  the  lens,  and  the  appearance  of  the  external 
gills. 

Segmentation  and  Formation  of  the  Layers. 
We  have  not  succeeded  in  securing  a  complete  series  of 
specimens  showing  all  the  stages  of  segmentation,  but  from 
those  which  we  have  observed  there  can  be  little  doubt  that 
it  proceeds  very  much  in  the  same  manner  as  in  the  Frog. 
Segmentation  is  asymmetrical,  and  this  characteristic  begins 
to  appear  at  a  very  early  period.  The  earliest  stage  we  have 
seen  shows  two  longitudinal  furrows,  which  cut  each  other  at 
right  angles  at  the  upper  part  of  the  egj^,  and  passing  down 
the  sides,  gradually  fade  and  disappear  before  reaching  the 
lower  pole.  The  food-yolk  even  at  this  period  preponderates 
in  the  lower  part  of  the  egg,  and  thus  prevents  the  yolk- 
division  taking  place  so  rapidly  as  it  does  above.  These 
furrows  may  be  compared  to  two  meridians  on  a  globe;  the 
next  one  (judging  from  the  analogy  of  the  Frog)  represents 
the  eijuntorial  furrow  in  Amphioxus,  but,  for  the  reason  above 
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Staled,  ii  is  mutti  nearer  to  [he  upper  pole  thnn  to  ihe  lokver, 
and  this  gives  at  once  the  distinctioo  of  larger  and  smaller 
blftstomeres.  The  smaller  blaetomeres  grow  round  the  ovum 
oyer  the  larger,  and  bear  the  same  relation  to  them  as  they 
^B^in  the  Frog.  The  segmentation  cavity  appears  early,  and 
j^Bn  the  very  firet  its  roof  i^  only  one  celt  thick,  just  as  in 
^^Bi  ease  of  the  Lamprey.  As  we  shall  see  later  the  epiblast 
^mat  first  composed  of  one  layer,  and  hence  the  roof  of  the 
cavity  is  covered  by  epiblast  only.  In  the  Elasmobranch 
Fishes  the  roof  of  the  cavity  is  formed  by  lower  layer  cells 
also,  and  this  Mr.  Balfour  explains  by  the  increase  in  thu 
quantity  of  food-yolk  in  the  cells,  compelling  them  to 
creep  up  the  sides  of  the  cavity.  Although  there  is  propor- 
tionately more  food  material  in  the  Newt's  egg  than  in  that 
of  the  Frog  the  increase  is  relatively  small  and  does  not 
oflect  the  position  of  the  cells.  The  only  difference  1>ctween 
the  two  at  this  stage  consists  in  tbe  fact  that  the  roof  of  the 
cavity  in  the  Frog  is  two  or  more  cells  thick,  and  in  the 
Newt  only  one.  In  short,  the  ovum  of  the  latter  resembles  the 
morula  of  Amphioxus  with  a  largo  amount  of  food  material 
stored  away  in  its  lower  part.  Judging  from  the  descrip- 
tions of  Calberla,  it  is  iu  no  way  different  from  the  ovum  of 
Pelromyion  of  corresponding  age.  The  floor  of  the  segmen- 
tation cavity,  as  in  all  ova  which  contain  food-yolk,  ia  formed 
by  the  upper  layer  of  yolk-cells  from  which,  eventually, 
the  ventral  epithelium  of  the  alimentary  canal  is  in  part 
dsrived. 

The  next  step  in  development  is,  as  in  the  Batrachians,  a 
process  of  invagination,  and,  as  in  them,  it  is  an  unsym- 
metrical  invagination.  The  disturbing  cause  is  in  both  cases 
the  presence  of  the  food-yolk  below.  Owing  to  the  fact  that 
the  food  to  be  made  available  must  be  placed  upon  the  ventral 
side  of  the  body,  the  invagination  must  in  this  region  take 
place  very  slowly  or  not  at  all.  By  this  simple  coniiidera- 
tion  Mr.  Balfour  explains  the  uusymmetrical  gastrulaof  the 
higher  Vertebrates. 

At  the  period   when  our  study  of  the  two  lower  layers 
>per  begins,  segmentation   is    complete :  the  lips  of  the 
LStopore  arc  rapidly  nearing  each  otni-r  )  tho  epiblast  con* 
of  a  single  layer  of  partly    columoar,  partly  wedge- 
.,  cells,  and  has  already  in  great  measure  attained  those 
icters  which  persist  throughout  several  of  the  following 

At  the  lip  of  the  invaginstion  (see  Plate  XX,  Ii;;.  2)  there 
{b  ■  decidotl  swelling  produced,  iii  part  by  a  Ivngihening,  i 
part  by  a  reduplication  of  the  cells,  a  histological  ebanp 
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analogous  to  that  which  has  beoii  poinled  out  in  the  so-called 
embryouic  rim  in  the  Elasmobranchs.*  The  cells  have 
a  radiitted  arrangement,  losing  as  they  arc  reflected  inwards 
their  columnar  character  and  becoming  more  spindle-shaped. 
As  they  approach  the  inner  side  of  the  lip  they  are  quadrate, 
then  oblong,  then  columnar,  their  outer  ends  abutting 
against  the  inner  ends  of  the  long  epiblast  cells.  As  the 
sections  pass  into  the  lateral  region  of  the  embryo,  this  rela- 
tion is  lost,  and  confluent  with  the  forming  hypoblast  cells 
are  the  parent  meaoblast  cells.  The  latter  may  fairly  be 
coasidered  to  arise  actually  from  the  point  of  inTagioation 
and  not  as  a  secondary  splitting  off  from  the  hypoblast  on 
either  side. 

Two  longitudinal  sections  of  an  embryo  at  this  period 
have  been  figured  in  Plate  XX,  figs.  2  and  3.  Fig.  2  represents 
n  section  passing  through  the  median  line,  and  those  changes 
in  the  epibkst  at  the  lip  of  the  blastopore  which  have  been 
just  referred  to,  may  be  followed.  The  alimentary  canal  has 
not  proceeded  far  forwards,  but  the  cells  of  the  upper  yolk 
are  plainly  forming  the  future  hypoblast  cells.  The  segmen- 
tation cavity  is  being  pressed  downwards;  the  section  is  in 
the  median  line  behind  and  out  of  the  median  line  in  Iront. 
The  leverse  is  true  of  the  succeeding  section  (fig.  S),  which 
represents  the  growth  of  the  niesoblast  at  the  sides  of  the 
invagination  and  the  actual  forward  progress  of  the  alimen- 
tary canal  in  the  middle  line.  It  illustrates  the  position  and 
advancing  obliteration  of  the  segmentation  cavity.  Compar- 
ing the  two  sections,  a  very  fair  idea  can  be  formed  of  the 
advance  of  the  embryo  in  the  early  part  of  the  stage  (a). 

The  process  at  the  sides  of  the  median  line  in  Triton  is 
then  homologous  to  that  which  Gotte-  represents  as  occur- 
ring ill  the  median  line  iu  Bom  bin  a  lor,  a  conetructiou  which 
aids  him  in  carrying  out  his  peculiar  views  of  the  development 
of  the  notochord  from  the  mesoblasi. 

Calberla,^  on  the  contrary,  describes  as  the  immediate 
result  of  invagination,  in  Rana  temporaria,  the  primary 
entoderm.  This  does  not  split  in  the  median  line,  while  at 
the  sides  it  splits  soon  after  formation,  to  give  rise  to  the 
lateral  plates  of  mesoderm.  A  fuller  notice  of  his  views 
will  be  given  later. 

'  Vide  Balfour, '  Elasmobranch  Fislies,'  cbap.  ii,  p,  43. 

=  Viiie  Alexander  Goette,  "  Eiitwickelungsgesciiiohte  der  Unke,"  '  Atlas,' 
Tafel,  ii. 

^  E.  Calherlfl,  "Zur  Eiitwickelung  des  Medullar  rob  res  und  der  Cbords- 
dorsalis  der  Teliostiet  und  Petromjzonteu,"  p.  361,  '  MorpholoeischcD  Jahr- 
buch,'  3, 1877. 
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.Dur  sections  ilo  uot  wholly  accord  with  the  observaiioos 
of  either  of  the  above,  for  if  it  is  clear  that  the  invagiDation 
gives  rise  in  the  mediiin  line  to  a  single  layer  of  cells,  it  is 
equally  clear  that  at  the  sides  it  gives  rise  to  n  double  layer, 
namely,  of  iiicsoblast  as  well  as  hypoblast. 

The  process  in  Triton  agrees  then  more  closely  with  that 
occurring  in  the  Elasmobranch  Fishes,'  where  the  lower  layer 
cells,  confluent  with  the  reflected  epiblast  on  either  side  of 
the  axial  line,  form  a  layer  of  spherical  cells  above  and  co- 
lumnar cells  below,  and  the  former  is  ultimately  separated  off 
as  the  meeoblast  proper,  while  in  the  axial  line  thit  lower 
layer  colls  give  rise  simply  to  a  columnar  layer. 

Now,  turning  to  the  transverse  section  of  a  Triton  embryo 
Stage  A  (see  Plate  X\,  lig.  4)  wc  find  that  it  adds  still 
furtner  probability  lo  this  view,  for  the  relations  of  the 
layers  fully  accord  wilh  the  above  interpretation  of  the 
invagination. 

Now,  RS  concerns  the  further  growth  of  the  mesoblast,  it 
results  from  the  foregoing  conclusions  concerning  the  hypo- 
blast that  the  mesoblast  is  never  present  across  the  axial 
line  in  the  early  stages.  In  tra-nsverse  sections  of  Stage  \ 
it  appears  as  two  lateral  plates  extending  on  either  side  lo 
a  point  just  above  the  side  limits  of  the  alimentary  canal. 
The  layer  where  it  is  nearest  the  alimentary  canal  consists  of 
small  round  cells,  one  or  two  deep,  which  can  be  readily  dis- 
tinguished from  tho  adjacent  hypoblast.  These  are  the 
cells  which  we  have  just  referreil  lo  as  having  resulted  from 
'  nvagination,  and  we  shall  speAk  of  them  hereafter  as  the 

*imary  mesoblast  cells. 

'n  conclusion,  all  the  observations  we  have  made  favour 
above  interpretation,  while  none  in  any  way  disprove  it. 
^hus,  at  once  three  important  distinctions  are  established 
weenthe  development  ofthe  layers  at  the  point  of  invagina- 
tion in  Triton  and  Itorabinalor,  if  we  accept  in  full  Dr.  Gotte's 
iuvcstigHtioDS  of  the  latter.  First:  in  Triton  there  is  a 
decided  thickening  of  the  single  layered  cpiblast  as  it 
approaches  the  ])oint  of  invagination.  In  Bombinator  thcto 
is  none.  Second  :  the  resulting  hypoblast  in  the  axial  line 
is  in  direct  contact  with  the  epiblast.  There  is  no  inler- 
rening  mesoblast  as  in  Bombiniitor.  Third  :  the  mesoblast 
is  found  in  Triton  as  two  lateral  plates,  and  is  not  con- 
tinuous across  the  middle. 

Tliesc  oluervations, coupled  with  those  of  Calberln,we  think 
leave  little  doubt  that  Gotte  has  mistaken  tho  upper  hypo- 
blast cells  for  mesoblast,  and  thus  at  the  start  fallen  into  an 
'  f'(i(  V.  M.  Bslfour, '  Elasmobnuiob  FiiLis,'  p.  «9. 


invag 
^^^!twi 


,1" 

I 


4 


M 


456  W.  B.  ■GOVT  AXD  HMET  ff^  MBOBV. 

enor  which  uitoIycb  some  of  hit  subteqnent  oonolutioiu  in 
doubt 

HftTing  thus  briefly  oontidered  tho  origin  of  the  two  inner 
layers,  as  related  to  the  phenomena  of  inTagination,  we  shall 
leturn  to  the  history  of  tiie  epiblast  £rom  the  beginnin^»  and 
resume  our  discussion  of  the  mesoblast  and  hypoblast  u  the 
subsequent  pages. 

General  Featuree  of  the  ^jriblaet. 


When  the  epiblast  can  first  properly  be  said  to  be  farmedt 
it  consists  of  a  single  layer  of  Tcry  large  quadrate  cells,  with 
laige  dear  nuclei.  In  the  next  stage,  when  the  invagination 
first  commences,  the  cells  ha? e  somewhat  lengthened  out, 
but  are  still  very  broad  (Plate  XX,  fig.  1).  When  the  in- 
Tagination  has  progressed  considerably,  and  the  segmenta- 
tion carity  has  been  much  narrowed,  we  find  that  me  cells 
.  have  assumed  the  condition  which  they  retain  for  some  time 
^  after  this.  They  are  long,  narrow,  and  columnar ;  most  of 
them  can  be  traced  through  the  layer  from  one  surfiuM  to 
the  other  without  any  chanj^  of  siie,  although  here  and 
there  scTeral  may  be  seen  which  have  a  wedge-shape,  and 
alternate  arrangement  with  their  neighbours.  The  nuclei, 
however,  are  arranged  in  two  rows,  like  those  of  the  Elasmo- 
branch  epiblast.  in  general  appearance,  up  to  this  time, 
the  epiblast  is  more  like  that  of  Petromyzon  than  of  any 
embryo  which  we  have  seen,^  but  the  arrangement  of  tho 
cells  18  somewhat  more  regular.  For  a  short  time,  indeed, 
the  appearance  of  the  two  is  almost  identical,  but  in  the 
Newt  the  cells  speedily  become  narrower,  and  more  columnar 
in  character,  and  the  nuclei  assume  the  alternate  arrange- 
ment which  is  only  faintly  indicated  in  the  Lamprey. 
Durinff  Stage  a,  when  the  medullary  groove  has  begun  to 
make  its  appearance,  the  middle  line  of  the  dorsal  epiblast, 
exhibits  a  decided  thinning  to  form  the  groove  (Plate  XX, 
fig.  4).  But  this  ffrove  is  not  at  this  period,  nor  do  we  find 
it  afterwards,  nearly  so  deep  or  so  wide  as  it  is  in  the  Elas- 
mobranchs.^ 

The  next  change  of  importance  takes  place  during  Stage 
B  (Plate  XX,  fig.  5),  when  the  medullary  folds  are  well 
formed.  These  folds  are  caused  by  the  multiplication  of 
cells  of  the  epiblast,  which  here  becomes  much  thickened. 
Although  the  folds  are  several  cells  thick  they  show  no  indica- 
tion of  being  separated  into  different  layers.    With  the  excep- 

>  See  a  paper  b;  Ctlberla, '  Morob.  Jabrbuob,'  1877,  3,  (af.  xii,  fig.  7. 
*  Balfour,  W  oit.,  plate  if,  fig.  8  a. 
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tion  of  the  medullary  plate  the  remainder  of  the  epiblast 
shows  no  etjiccial  change  from  ibe  condition  seen  in  the 
preceding  stage.  In  the  niedullarj-  plate,  on  each  side  of  the 
middle  line,  is  a  low  rounded  ndge  (Plate  XX, fig.  5),  which 
is  formed  by  the  increase  in  length  of  the  epiblast  cells,  and 
perhaps  partly  also  by  the  wedging  in  of  themeBohUst  along 
these  two  lines. 

The  condition  of  the  spinal  cord  at  this  period  recalls  the 
"b  condition  of  the  same  organ  in  the  Batrnchia  of  this 
For  in  the  latter  the  nervous  and  epidermic  layers 
together   inlo    one    indiacTiminaie  mass,  and   do   not 

Mtrale  again  till  much  later.  This  separation  takes  place 
for  the  first  time  in  Triton,  not  far  from  the  age  in  which 
it  reappears  in  the  Batrachia.  During  Stngc  c  sudden  and 
npid  cnanges  make  their  appearance.  The  medullary  folds 
are  now  very  prominent,  and  arc  composed  of  numerous 
elongated  spindle-  and  wedge-shnped  cells,  while  in  many 
places  the  medullary  plate  shows  a  commencement  of 
the  same  process  (Plate  XX,  fig.  6).  But  as  yet  in 
neither  of  these  regions  are  any  distinct  layers  to  be  seen. 
The  lateral  epiblast  is  just  beginning  to  separate  into  two 
layers  ;  the  process  commences  immediately  outside  of  the 
medullary  folds,  and  spreads  down  the  sides  of  the  embryo, 
until  it  has  been  completed  all  around  (fig.  G).  Plate  XXI, 
fig.  0,  shows  a  drawing  on  n  larger  scale  of  the  point  where 
aacb  changes  are  going  on  most  actively.  Even  with  the 
Kid  of  this  we  hajve  not  thoroughly  satisfied  ourselves  as 
to  the  exact  manner  in  which  these  changes  are  accomphshed. 
Three  suppositions  mny  be  made  with  regard  to  it — (1)  that 
the  upper  layer  splits  off  from  the  lower  by  a  process  of 
c«ll  division  j  (2)  that  the  wedge-shaped  cells  draw  in  their 
•dgcs,  and  lying  in  alternate  arrangement  come  to  make  two 
rows,  one  above  the  other  i  (3)  that  both  of  these  have  their 
slure  in  the  process.  On  the  whole  we  rather  incline  to  the 
latter  opioiou.  In  favour  of  the  alternate  decrement  of 
Imgth  u  the  fact  that  for  some  lime  preceding  the  separa- 
tion the  nuclei  of  the  cells  arc  arranged  in  two  alternate 
rows,  very  much  as  in  the  Elasmobranchs,  while  such  an 
■ppearance  as  shown  at  the  point  a,  fig.  9,  looks  as  if  it 
could  only  be  cell  division. 

Turning  to  Stage  n  (Plate  XX,  fig.  7),  we  find  that  in 
the  trunk  region  the  medullary  canal  is  completely  closed, 
and  the  division  of  the  epiblast  carried  entirely  around  the 
embryo,  giving  us  two  well-marked  layers.  These  are  com- 
powdoT  quadrate,  somewhat  flattened  cells,  of  nearly  equal 
an  in  both  layers.     The  cells  composing  the  spinal  oord 
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are  numeroas,  elongated,  wedge-  or  spindle-shaped  ;  but 
even  yet  there  is  no  indication  of  distinct  layers. 

As  in  the  Bird,  the  Mammal,  and  the  Elasmobranch  Fieh, 
the  epithelium  lining  the  epinal  canal  does  not  become  dif- 
ferentiated till  a  consideralily  later  period. 

As  a  whole  the  spinal  cord  is  now  a  hollow  cylinder  wilh 
very  thick  walls  and  a  very  small  lumen.  It  presents  a 
transversely  oval  section,  and  is  somewhat  indented  on  its 
lower  surface  by  the  pressure  arising  from  the  notochord. 
The  epiblaet  has  met  and  coalesced  along  the  middle  line 
nbove  the  canal,  though  a.  slight  groove  still  shows  the  line 
of  union. 

From  this  time  forward  the  outer  layer  of  the  generni 
upiblast  becomes  flatter  and  flatter,  while  the  inner  layer 
^rovs  more  columnar.  But  in  those  parts  of  the  skin  which 
cover  the  brain  both  layers  are  composed  of  very  much 
flattened  cells  (PI.- XXI,  fig.  13),  The  inner  or  mucous  layer, 
when  once  formed,  is  the  active  layer,  and  from  it  alone  such 
•tructuies  as  the  lens  of  llie  eye  are  derived. 

The  primitive  condition  of  the  epiblast  in  Triton  is  an 
extremely  interesting  one,  presenting  in  a  somewhat  tin- 
expected  manner  great  differences  from  that  of  the  Frog.  As 
is  well  known,  in  the  latter  animal  the  epiblafit  is  double- 
layered  from  an  extremely  early  period,  the  roof  of  the  seg- 
nicntaliou  cavity  being  farmed  by  two  layers  of  cells,  and  bv 
the  time  of  invagination  there  is  an  outer  stratum  of  a  single 
row  of  flattened  cells  and  an  inner  stratum  of  several  rows  of 
rounded  cells,  the  epidermic  and  nervous  layers  of  Strieker. 
"  Both  strata  have  a  share  in  forming  the  general  epiblast, 
and  though  eventually  they  partially  fuse  together,  there  can 
be  little  doubt  that  the  horny  layer  of  the  adult  epiblast, 
when  such  can  be  distinguished,  is  derived  from  the  epi- 
dermic layer  of  the  embryo,  and  the  mucous  layer  of  the 
epiblast  from  the  embryonic  nervous  layer.  Both  layers  of 
the  epiblast  assist  in  the  formation  of  the  cerebro-spinal 
nervous  system,  and  they  also  at  first  fuse  together,  though 
ibu  epidermic  layer  probably  separates  itself  again  as  the 
central  epithelium  of  the  spinal  canal."  (Balfour,  loc. 
cit.,p.  99.) 

All  this  is  very  different  from  what  wc  see  in  Triton.  At 
first  the  epiblast  is  of  one  layer,  and  so  remains  for  a  eon- 
siderablo  time;  the  mucous  layer,  when  formed,  consists  of  a 
single  stratum  of  more  or  less  columnar  cells,  and  the  epi- 
thelium of  the  spinal  cord  appears  for  the  first  time  at  ii  much 
lattT  period.  In  short,  the  condition  of  the  epiblast,  except 
■■•  the  last  respect,  is  more  like  that  of  Petromyxon  than  that 


e^RLY   DETII-ttniESr  OP  TI1E  COMMON   NEWT. 


4S9 


of  ihe  Batrarhia.  It  is,  as  might  be  expected,  intermediate 
between  the  two  types  in  many  ways.  In  the  Lamprey  the 
division  into  two  layers  does  not  occur  until  a  coinpiiralively 
Iiilc  puriiid,  bome  time  nfler  the  larva  has  been  lialeliod,  while 
in  the  Newt  it  occurs  as  oarly  as  Stage  c.  In  llie  Frog  it 
is  found  from  the  first.  Another  respect  in  which  the  Newt 
is  intermediate  is  the  hiBlological  chnracter  of  the  layers. 
The  Elasmohranch  Fishes  in  this  respect  present  an  iuter- 
niediale  condition  between  the  Lamprey  and  the  Newl.  In 
them  also  the  epiblast  is  primarily  single;  the  first  change 
consists  in  the  part  which  will  give  rise  to  the  central 
nervous  system,  becoming  several  cells  thick,  but  presenting 
no  tiistinctiou  into  two  layers.  Evciitunlly,  later  than  in  the 
Newt,  earlier  than  in  (he  Lamprey,  the  epiblast  divides  into 
mucous  and  epidermic  layers.  Both  layers  seem  to  enter  into 
the  formation  of  the  organs  of  ionee,  while  in  the  Amphibian) 
the  sense  organs  arc  formed  exclusively,  or  almost  so  from  the 
mucous  layer,  and  in  the  Lamprey  they  ate  derived  from  the 
"ilast  before  its  division  into  the  layers, 
'lese  facts  put  us  in  a  somewhat  favorable  position  for 
solution  of  the  question  as  to  whether  the  single-  or 
lUc'layercd  epiblast  is  the  primitive  condition.  Wo  ore 
decidedly  of  the  opinion  that  the  cunclusion  drawn  by  Mr.  Bal- 
four on  p.  100  of  liis  book  on  the  Klasmobranchs  is  the  correct 
is.  tlmt  the  single-layered  e|iiblast  is  Ihe  more  primitive 
lion.  He  was  not  aware  at  that  time  of  the  difference 
hz  between  the  Frog  and  the  Newl  in  this  regard,  and 
ibutcd  the  double  layer  to  the  Amphibians  generally, 
a  wc  have  seen,  it  i«  confimd  In  the  Batrachians,  r 
more  restricted  group,  and  is,  perhaps,  also  found  in 
18  Fishes.  Besides  these  it  is  found  in  no  other  groups 
animal  kiugdom,  and.  as  Mr.  Balfour  nointa  out,  it  is 
bablc  that  a  particular  fi-iiture  ofdcTclopment  should 
■n  back  to  an  earlier  periiid  than  for  iho  distinction 
the  two  layers  to  be  absolutely  lost,  and  then  to 
at  a  later  stage.  This  *prien  consideration  receives 
•at  deal  of  support  from  the  facts  of  the  development  of 
plfewt.  By  it's  aid  wc  arc  ennblod  to  arrange  n  series  of 
nfulvanciitg  differentiation  uf  the  epiblast  from  Amphi' 
through  tliu  Marsipubrauchi*,  the  EUsmobranchs,  and 
4cwl,  to  the  Batrachian«. 

le  Btep«  uf  this  progression  bwve  boon  already  stated,  but 

ly  hr  well  t<i  summarise  ttioiii.     CI.)  Amphioxus  has  an 

ln«t  cou»i'iin^  at  finti  of  «hoil  columnar  cells  in  a  single 

ThrKc  adctwards  besiu  to  flatten  out,  anil  in  the  adult 

rv  tuuch  flattened,  but  nmer  coiutituU  more  Ikan  a 
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|«Bjf/(f  row.  The  medullary  plate  is  the  only  cpiblasrift 
f  idevelopment  which  cousists  of  more  than  one  row  of  cella,' 
I  This  fact  alone  ig  of  considerable  weight  in  the  question  we 
I  are  eonsideriug;  and  it  should  be  borne  in  mind  throughout 
'  ihe  discussion  that,  in  the  most  primitive  vertebrate  known, 
the  epiblast  is  permanently  single-layered.  Into  the  peculiar 
■  method  of  the  formation  of  the  cerebro-spinal  axis  we  need 
not  enter. 

(S.)  In  the  Lamprey  the  epiblast  does  not  divide  until  very 
late;  in  fact,  not  before  the  embryo  has  for  some  time  been' 
hatched  (see  Calberia,  loc.  cit.,  p.  S64).  This  chang* 
takes  place,  however,  in  the  region  of  the  spinal  cord  before 
that  organ  has  been  formed,  just  as  is  the  case  in  AmphioxuB, 
The  development  of  the  nervous  axis  presents  some  pecu- 
liarities of  ft  secondary  nature.  The  sense  organs  are  formed  > 
from  the  undivided  epiblast. 

(S.)  The  epiblast  in  the  Elasmobranch  Fishes  separates 
into  two  layers  much  earlier  than  it  does  in  Ihe  Lamprey,  but 
»  still  comparatively  late  in  embryonic  life,  some  time  after  the 
medullary  canal  has  been  completely  closed,  and  several  of 
the  visceral  clefts  have  appeared.  According  to  Mr.  Balfour 
it  takes  place  at  a  stage  slightly  younger  than  K.  The  two 
,  layers  are  at  first  composed  of  flattened  cells,  but  those  of  J 
the  inner  stratum  soon  become  columnar.  "Both  layers 
apparently  enter  into  the  formation  of  the  organs  of  sense." 

{4,}  In  Triton  the  epiblast,  though  at  first  single,  divides 
into  its  two  parts  at  a  very  early  stage,  some  time  before 
the  closing  of  the  medullary  canal  (Stage  c).  When  once 
formed  the  mucous  layer  becomes  the  active  one  and  enters 
almost  exclusively  into  the  formation  of  the  sense  organs. 
So  far  as  we  are  aware  this  is  ibe  only  case  as  yet  known  in 
which  there  is  a  primitively  single  epiblast  dividing  early 
and  delegating  all  its  activity  to  one  layer.  It  shows  an 
approximation  to  the  state  of  things  found  in  the  Frog. 

(5.)  In  the  Batrachia  this  is  carried  one  step  furtner  and 
the  two  layers  are  distinguishable  from  the  very  first,  even 
the  roof  of  the  segmentation  cavity  being  double.  The 
mucous  or  nervous  layer,  as  in  the  Newt,  enters  alone  into 
the  formation  of  the  organs  of  sense,  &c.  In  short,  almost 
the  only  difference  in  the  matter  of  epiblast  between  the  two 
classes  of  Amphibia  lies  in  the  time  of  its  division. 

Now,  we  are  very  far  from  asserting  that  these  forms 
we  have  been  considering  represent  the  line  of  descent  of  the 
Batrachia ;  but  we  are  decidedly  of  the  opinion  that  they 
exhibit  the  steps  of  the  process  by  which  the  epiblast  of 
that  group   has    reached    its    present    complication.     For 
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this  reason  we  are  forced  to  the  conclusion  ihnt  even  the 
early  condition  of  the  epiblnst  in  ihe  Batrachia  is  a  secondaTV 
mod  ill  cation,  and  thai  ike  primiUce  condiUvn  of  the  layer  is 
tinijle. 

As  opposed  to  this  conclusion  may  be  adduced  rhe  fact  that 
in  the  spinal  cord  of  Ihe  Batracliia  ihe  two  layers  at  first 
fiue  together  and  at  a  later  time  reappear,  as  if  the  double- 
Ujered  condition  were  a  primary,  the  single-layered  n 
■econdftry,  and  the  reappearing  double  layer  a  tertiary  stage 
in  development.  And  further,  that  the  first  stage  has  boen 
retained  only  in  the  Batrachia  and  (?)  Osseous  Fishes,  and  lost 
in  other  known  vertebrates.  But  this  appears  unlikely,  and 
■taQding  entirely  by  ilself,  the  above-mentioned  fact  cannot 
be  considered  to  have  any  great  value. 

The  Hypoblast. 

AVe  shall  now  continue  the  history  of  the  hypoblast  from 
Stage  A  onwards,  until  the  development  of  the  nolochord. 
The  embryo  at  this  stage  (see  PI.  XX,  fig,  4)  is  still  spherical. 
In  the  section  figured,  which  is  in  the  anterior  region  of  the 
embyro,  tiie  alimentary  canal  is  broad  and  low,  lined  above 
by  a  deep  single  layer  of  columnar  hviKiblnst  cells.  Tlicsu 
are  broader  and  longer  than  the  epiblast  cells  above  iheni, 
with  nuclei  of  a  spherical  rnlher  than  oval  shape.  They  are 
in  contact  with  the  epiblast  broadly  ai-ross  the  middle  line,  but 
ttt  the  sides,  just  below  the  two  slight  folds  on  either  side  of 
the  medullary  groove,  tht-mesoblnst  begins  to  intervene  as  a 
single  layer  of  small  cells.  Beneath  these  the  hypoblast 
celU  lose  their  columnar  shape,  and  becoming  more  quadrate 
mrs  grmdually  reflected  around  the  sides  of  the  alimentary 
canal,  becoming  continuous  on  the  one  hand  with  the  quad- 
rate yolk  cells  lining  the  alimentary  canal  below,  on  ih« 
other  with  the  cells  bounding  the  great  mass  of  yolk.  This 
continuity  has  been  carefully  represented  in  PI.  XX,  fig.  4. 
AVhcTf  the  iavaginalioo  cells  cease  would  be  difficult  to  state, 
owing  to  the  fact  that  the  hendlug  down  at  the  sides  is  n 
gradual  process  partly  dependent  ujwn  the  growth  of  the 
mesoblaet. 

The  hypoblast  can  now  be  classed  according  to  its  develop- 
ment undrr  two  heads.  ((J.)  The  cells  above  the  alimentary 
canal,  which  have  arisen  from  invagination  and  are  con- 
tinuous with  the  refifcted  epihlaftl  at  the  blastopore.  This 
Hc  shall  call  the  invagination  hypoblast.  {I/.)  Ttio»e  <l-1I> 
lining  tb«  alimontary  canal  below  and  those  immediatelt 
[  tb«  yolk  elicwhece,  which  arise  by  histological 
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changes  in  the  yolk  cells  proper.     We  shall  refer  to  this  as 
the  yolk  hypoblast. 

The  growth  of  the  former  class  has  been  already  con- 
sidered in  full.  The  latter  arises  by  a  slow  process  of  meta- 
morphosis in  the  peripheral  yolk  cells.  The  changes  are 
not  difficult  to  follow.  The  square  yolk  cells  split  as  they 
approacl)  the  surface  inia  long  columnar  or  oblonj?  cells,  and 
at  the  same  time  a  change  takes  place  in  the  yolk  spherules 
with  which  they  are  loaded,  so  that  they  show  a  greater 
avidity  for  the  staining  fluid.  The  large  spherical  nuclei  of 
the  yolk  cells  give  place  to  the  characteristic  oval  nuclei  of 
the  hypoblast.  These  primitive  hypoblast  cells  assume  more 
regular  proportions  as  development  proceeds.  In  the  split- 
ting off  of  the  mesoblast  which  soon  follows,  fresh  cells  are 
coitstantly  supplied  from  the  yolk. 

A»  further  notice  of  Calberla's^  views  upon  these  points  will 
perhaps  not  be  out  of  place  here.  He  considered  the  Lam- 
prey embryo  immediately  after  invagination  to  consist  of  two 
layers,  the  primary  entoderm  and  the  ectoderm.  The  former 
divides  everywhere,  except  across  the  axial  line,  into  the 
secondary  entoderm  and  the  mesoderm.  Across  the  axial  line 
the  primary  entoderm  remains  intact.  He  does  not  admit  that 
the  mesoderm  arises  even  in  part  by  invagination ;  but,  still 
more  important  as  it  bears  on  the  question  under  discussion, 
he  does  not  include  the  outer  yolk  cells  as  part  of  the  pri- 
mary eiitodcnn.  So  wliat  wc  shall  consider  hereafter  as  the 
lateral  mesoblast,  he  concluded,  was  joint  mesoblast  and 
hypoblast,  not  allowin<^  that  the  outer  yolk  cells  formed  a 
distinct  layer.  The  comparison  has  been  inserted  because  at 
this  period  ot"  its  history  tht*  lianiprey  presents  many  points 
in  common  with  the  Newt. 

To  resume  tin?  study  ol  th(^  hvnohlast  in  Triton,  it  may 
be  considereil  in  the  latter  part  ot  Sta;;L'  c  as  turniinj:  a  con- 
tinuous layer  around  the  yolk  and  completely  i  nclosinjj:  the 
alimentary  canal.  Hy  Sta-^e  li  a  \cr\  decideil  chan«;e  has 
taken  plac(*  (see  1*1.  XX,  lig.  5)  Tiie  sc^etion  is  in  the  head 
rcLi^ion  where  the  alimentary  tract  has  n(ny  reached  a  con- 
siderable si/e.  The  hypoblast  is  now  only  in  contact  with 
the  epihlasl  in  the  median  line,  althouj^h  the  connection  is 
such  a  clo>e  one  that  the  three  or  t'mir  cells,  still  adherini;,  im- 
pinge so  closely  n:>  tf  i.'rni  a  (h'ci<lcd  invlentati^m  in  the 
e])ildasl — a  feature  whirli  liii>  l^ecn  j)rcyiotisly  noticed  in  the 
Elasniohranch  Irishes.  The  middle  celN  haye  also  t  lon^^ated 
and  narrowed  considerably,  while  tliose  at  the  sides  remain 
shorter;  this  results  in  a  rounded  uj)pcr  outline.  Ijaterally, 
*  Vide  K.  Calbcrla,  luc.  cit.,  on  '  l\truuj/zon  pLiucn.' 
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they  nre  still  markedly  coiitintioUR  with  the  yglk  hypoblast 
cells  lining  the  alimentary  canal  and  their  lower  inar(;ia 
arches  nuwnrds  to  as  to  form  pnrt  of  the  lumen  uf  the 
eanal.  This  bending  around  of  the  hypoblnst,  which  in 
Stage  A  waa  almost  a  straight  line,  into  an  arch  of  cells, 
must  be  partly  attributed  to  a  mechanical  cause,  viz.  the 
rapid  ingrowth  of  tlic  mesoblast  plates.  "Whatever  the  exact 
cau««  of  ihia  change  it  is  well  to  note  ibnt  no  vital  altera- 
tioD  hai  a«  yel  taken  place^ — the  change  is  one  merely  of 
petition.     Elsewhere  the  hypoblast  shows  no  new  features. 

Inasiniich  as  the  interest  in  the  hypoblast  chiefly  centres 
uround  the  development  of  the  notochord  wo  shall  con* 
•idef  the  history  of  that  organ  by  itself  and  complete  the 
hypobUat  later.  / 

The  MeaoUaat. 

It  ts  evident  from  transverse  SL-ctions  in  the  latter  part  of 
Stage  A  (see  PI.  XX,  tig.  4)ihat  the  lateral  plates  of  nieso- 
blnsthave  already  attained  a  considerable  thickness.  At  the 
junction  of  the  invagination  with  the  yolk  hypoblast  they 
arc  three  or  four  cells  deep,  thinning  out  rapidly  at  the  sides. 
Ill  the  anterior  sections  they  barely  e:ttend  below  the  middle, 
while  behind  thf^y  meet  as  a  single  layer  of  cells  at  the 
bottom,  thus  encircling  the  hypoblast  except  in  the  axial 
line  above. 

The  lateral  downward  growth  of  the  mcsoblast  in  Triton  is 
plainly  not  from  the  cpiblast,  for  the  epiblast  has  by  this  time 
fonned  a  distinctly  bounded  Mngl«  layer.    There  reninin  two 

ides  ia  which  it  may  in  great  part  arise,  (a)  from  the 
>last ;  (ft)  independently  of  ihe  hypoblast,  from  the  yolk, 
is  of  course  excluding  the  mesoblast  in  the  region  of  ihe 
IcntAry  canal  which  accompanies  the  process  of  invagina- 
I.  If  we  consider,  as  we  have  reason  to  do  from  ibe  analogy 
of  the  Frog,  that  the  cells  bounding  the  yolk  form  the  primi- 
tive jolk  hypobliist  layer,  wc  can  only  accept  the  former  hypo- 
lhesi«.  In  the  anterior  section  of  Stage  a  the  cells  bound- 
ing the  yolk  below  are  ait  unquestionably  hypoblnatic  as  those 
bounding  it  above  and  at  the  sides.  In  other  words,  the 
hypoblast  has  formed  as  a  distinct  layer  in  contact  with  the 
ei>iblasi  below,  before  the  mesoblast  has  appeared  below  at 
all.  Moreover,  at  the  sides,  the  down  ({rowth  of  the  meso- 
blut  it  preceded  plainly  by  n  splitting  off  of  the  outer  portion 
of  the  yolk  hypoblast  into  large  qnadiate  cells,  am)  these  in 
turn  are  seen  in  the  process  of  Bubdi\isi(>u.  Although  this 
vrowih  seems  to  be  at  the  expense  of  tlif  hypoblast,  it  cannol 
be  cooeidcreil  to  arice  altogether  iudepcndenlly  of  the  down- 


I 


I 


I 


464  W.   B.   8COTT  ASIt   HENKV   F.  ORUOHK. 

growth  of  the  invagination  platet  by  H  process  of  cell  diviiion, 
for  the  mesoblast  does  not  arise  at  sepatatc  poinU,  cappjii^ 
the  hypoblast,  but  in  direct  coatimiity  with  toe  invBgiDBtion 
meBOblast. 

In  the  Elasmobranch  Fishes,  in  which  thu  origin  of  llw 
mesoblast  has  been  carefully  observed,  there  is  no  doubt 
that  this  Inyer  arises  as  two  lateral  masses,  splitting  off 
from  the  hypoblast  at  the  same  time  that  the  latter  urtsea  ai 
a  distinct  stratum  from  the  lower  layer  cells.  Here,  how«nr, 
the  lateral  plates  do  not  form  a  continuous  layer  with  ibc 
mesoblast  which  occasionally  arises  at  the  reilcctiou  of  llw 
epiblast  at  the  sides,  but  are  distinct  from  it. 

Calberk,'  as  previously  stated,  explains  the  growth  oftlu 
mesoderm  (mesoblast)  iu  the  Lamprey,  as  an  early  splitttBg 
o^  the  outer  portion  of  ihe  primary  endoterm.  This  yie* 
fully  confirms  out  interpretation  of  the  lateral  growth  in 
Triton. 

In  Kowalevsky's  earlier  resoarehes  upon  Amphioxiu  h< 
fell  into  the  error  of  supposing  the  mesoblast  of  double 
origin,  hypoblastic  and  epiblastic,  an  error  which  he  cor- 
rected later^  by  attributing  this  layer  to  a  cotistrtctioa  off 
from  the  hypoblast,  which  occurs  subsequent  to  the  forma- 
tion of  the  notochord.  The  simple  invagination  does  nui 
give  rise  to  any  but  the  two  primitive  layers.  There  can 
now  be  no  doubt  thai  the  formation  of  the  mesoblast  is  iti 
all  types  a  secondnry  phenomenon  which  is  retarded  iu  the 
simpler  forms,  and  hastened  iu  the  more  complex  into  an 
earlier  period  of  development. 

To  review  the  features  noticed  in  Stage  a.  The  meso- 
blast ariscB  by  invagination  as  two  lateral  plates,  and  it 
never  found  across  the  median  line.  Subsequent  growth  ii 
partly  by  cell  division  of  these  plates;  mostly,  however,  at 
the  expense  of  tite  hypoblast.  Tiie  most  rapid  development 
is  posteriorly,  both  in  it!S)>ect  to  thickness  and  downward 
growth.  There  is  no  tendency  to  split  into  somatic  and 
splanchnic  layers.  Ity  Stage  ii  the  mesoblast  shows  a  TL>ry 
marked  progress.  It  i:i  now  thickest  immediately  bcluw  the 
medullary  plates,  anil  cau.'«cs  that  upward  curve  in  the  out- 
line of  the  epiblast  previously  mentioned  (Plate  XX,  fig.  0). 
At  the  same  time  the  lateral  plates  have  approache<l  kvAl 
other,  bending  the  hypoblast  iiownwnrdi,  so  tnat  now  it  it 
continuous  with  the  epiblnsl  only  in  the  mrdiaii  tine.  Tfas 
section  figured  is  in  the  anterior  part  of  the  cmbrjo  near  the 
bead  region.     The  cells  appear  larger  than  in  the  last  etagv, 

'  £.  CalbcrU,  loc.  cit. 
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near  the  axial  line  they  are  crowded  together  irregularjj-, 
bot  at  either  side  the  splitting  into  two  single-celled  layers 
begina  to  be  evident.  This  splitting  t>egins  anteriorly  and 
proceeds  slowly  backwards.  In  (he  posterior  sections  of  tho 
same  embryo  it  is  barely  evidenr,  iiUliough  the  cells  show  a 
tendency  tr>  arrange  themselves  in  two  rows.  Plate  XX,  fig.  6, 
rspteeients  a  section  from  the  trunk  region  during  Stage  c, 
and  shows  that  the  splitting  of  the  mcsoblast  extends  slowly 
backwards.  In  this  region  the  layer  is  now  thinner  thun  it 
is  forwards,  although  the  reverse  of  this  is  true  of  Slugs  a, 
where  the  mesoblnst  is  thickest  posteriorly.  The  proximal 
cells  now  begin  to  arrange  themselves  radially  around  thj 
vertebral  portion  of  the  future  body  cavity,  closely  im-i 
pinging  against  the  epiblast,  ami  tending  to  grovv  in  abovej 
the  primitive  noiochord.  The  body  cavity  docs  not  extend 
beyond  the  meduUaiy  folds  in  this  embryo,  for  here  the  two 
rows  of  cells  suddenly  terminate  in  a  single  low  bending 
around  the  sides.  In  other  respects  the  mesoblast  shoiva  no 
oaw  Gealures  until  Stage  d.  Sections  of  an  embryo,  during 
tbs  latter  part  of  Stage  D,  show  that  the  neural  canal  has 
eomplelely  closed.  The  section  figured  iu  Plate  XX,  fig.  7, 
is  in  the  anterior  trunk  region,  here  the  mesoblast  appears 
as  two  great  triangular  muscle  plates,  expanding  above  so 
as  to  fill  the  space  formed  by  the  fusion  of  the  medullary 
canal,  and  enclosing  the  large  body  cavity.  Tiie  two  layers 
now  extend  completely  around  the  embryo,  but  have  not 
separated  except  in  the  upper  region.  In  Stage  r  the  divi- 
sion into  somites  has  begun. 

To  conclude,  there  is  one  featuie  in  the  development  uf 
the  mesoblast,  which  argues  strongly  for  the  fact  thal.meso- 
blustic  invagination  being  begun,  lateral  growth  sets  in  at 
once ;  that  is,  thi*  cells  formed  by  invagination  arc  immedi- 
ately supplemented  by  those  growing  down  at  the  sides,  of 
hypoblattic  (yolk  cell)  origin.  As  evidence  of  this  we  find 
the  mesoblast  of  the  posterior  sections  meeting  in  the  median 
line  below,  before  it  even  reaches  the  ventral  region  anteriorly. 
Id  this  single  respect,  the  mesoblast  develops  more  rapidly 
behind  than  in  front.  Subsequent  to  the  formation  of  the 
alimentary  canal,  the  greater  unurgy  of  the  embryo  ia 
directed  to  the  head  region,  and  all  following  growth  is 
from  before  backwards.  This  is  true  of  the  thickening 
of  the  lateral  plates,  of  the  splitting  into  two  layers,of  the 
formation  of  the  body  cavity,  and  of  the  subsequent  division 
into  somites. 
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Tlte  Notochortl. 

In  our  tU'scripUon  of  tli«  hypoblast,  wi'  cousidored  ibt 
layer  as  olassod  iintler  two  lieadx,  tlin  invagination  hypobWt, 
ani]  the  yolk  hyiioblaat ;  it  is  with  the  former  that  ibe 
development  of  the  notochord  is  concerned.  The  calla  lyin| 
during  Stage  b  between  tho  motobUit  plates  may  be  o«i* 
sidled  tbc  primitiva  notuchordiil  ccIId- 

The  first  indication  of  thr  growth  of  the  notochord  in 
Triton  (see  Plate  XX,  fig.  5),  is  the  tendency  of  the  oells 
to  take  a  radiated  arrangement.  We  may  now  nt  the  out- 
set, imiut  out  three  prominent  features.  First,  the  hypo- 
blast consists  of  a  single  layer  of  columnnr  c«lU  rnnniiig 
from  the  epiblnst  above  to  the  nlimcntary  canal  below. 
Second,  these  cells  may  be  identifieil  with  the  brond  hand  of 
invagination  cells  whinh  in  Stage  a  were  all  in  contact  with 
i'he  epiblast.  They  have  been  bent  down  by  the  innowth 
of  the  mesoblnst  above.  Third,  these  cells  are  directly  con- 
tinuous at  the  sides  with  the  yolk  hypoblast. 

In  the  Liimprey,'  Petromyzon  ptaneri,  the  relatiuits  of 
the  hypoblast  at  this  point  to  the  cpiblast  and  mosoblast  arc 
practically  the  same.  There  is  the  same  close  nud  broad 
contact  with  the  eplblast,  and  the  cells  are  of  the  «im« 
relative  sixe.  Here,  as  in  Triton,  the  primary  or  invAgitin- 
tion  cells  are  alone  concerned  in  the  origin  of  the  nntofliord. 

In  tho  Frog  {Hana  temporm-iaf  the  primiiive  condition  tif 
the  notochord  is  a  great  cubical  mass  of  small  cells,  con- 
fluent with  the  cpiblast  above,  and  with  the  nu-xobliiBt  at 
the  sides.  These  do  not  all  enter  into  the  formation  of  the 
notochord,  however,  for  at  the  time  this  organ  begins  to  be 
constricted  off,  the  lower  cells  form  a  hypoblastic  lining  to 
the  alimentary  canal.  Ootto's  etccount  of  the  first  appear- 
ance of  the  notochord  in  the  Frog  {Bomhinalvr  igneut) 
differs  widely,  owing  to  the  fact  that  ho  has  mistaken  dii 
upper  hypoblast  cells  tor  the  mesoblaat.  ^ 

In  the  Klasmobranch    Fishes^  the  arrangement  w  i 
goui<,  for  the  whole  layer  with  the  exception  of  a  thin  liaM 
cells  over  the  alimentary  canul,  enters  into  the  nolocbt 
The  cells  are  at  no   time  so  widely  in  contact  with  1.. 
eplblast  Hs  in  Triton ;  so  the  change  preceding  the  fonns^ 
of  the  notochord  consists,  first,  in  the  lengtbening,  and  l~ ' 
Bplittinff  of  thi}  c»ll*  into  two  lines  placed  end  to  end. 
1ow«r  Ime  thus  formed  i«,  howovor,  mostly  absorbed  iu  I 
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oatioii  of  the  organ,  and  is  not,  as  in  liana  (emitoraria, 

wholly  expended  in  forming  the  upper  layer  of  ihe  alimen» 
tarjr  canal.  To  return  to  Triton,  it  is  well  to  notice  here 
that  the  upper  boundary  of  the  alimentary  canal  is  formed 
by  the  cells  which  will  give  rise  to  the  notochord,  and  thnt 
t£e  Utter  at  thia  period  actually  contains  part  of  lh«  lumett 
of  the  canal. 

Following  Ihe  notochord  into  the  succeeding  stage,  Me 
fintl  no  marked  changes  (PI.  XX,  fig.  6).  Tlie  section  taken 
from  the  middle  region  of  the  embryo  presents  much  th/r 
same  appearance.  From  this  we  infer  that  in  common  wi'h 
the  other  organs,  the  notochord  develops  more  rapidly  fiXr- 
wards,  ami  that  the  backward  development  is  a  slow  on«. 
for  in  Stage  c  the  notochord  is  but  little  more  advanced  in 
Ifae  middle  region  of  the  embryo  ihau  it  is  in  the  anterior . 
region  in  the  preceding  stage.  The  primitive  feature*^ 
pMiited  out  above  remain  constant. 

Unfortunately  there  is  a  gap  in  our  sections  here,  at  least 
wc  have  none  by  ivhich  we  can  trace  the  histological  changes 
from  ihe  simple  fold  of  hypoblast  cells  in  Stage  c,  to  the 
firm  rod  of  radiating  cells  in  the  latter  part  of  Stage  D. 
There  is  no  evidence  of  their  sptitling  into  two  cells  deep 

Strevious  to  this  result  as  in  the  Lamprey  and  the  Elasmo- 
irancht.  The  exact  process  beyond  the  ascertaining  of  thia 
point  is  of  little  real  importance. 

In  Stage  D  (PI.  XX,  fig.  7)  the  relations  of  this  orgnnare 
not  much  altered,  it  still  impinges  against  the  epibhist 
above,  and  partly  bounds  the  alimentary  canal  below,  but 
the  continuity  with  the  hypoblast  has  been  broken  off,  and 
the  line  of  demarcation  is  plainly  marked  by  the  different 
character  of  the  cells.  The  notochordal  cells  are  subquadrate 
iu  shape,  about  twelve  in  number  in  a  transverse  section, 
and  arc  uirangcd  around  a  centre  of  their  own.  In  other 
wonts,  the  notochord  h  now  an  independent  body;  at  its 
•idea  below  are  the  long  narrow  hypoblast  cells  which  par- 
tially enclose  it,  and  above  are  the  mesoblnst  plates  fully 
formed,  which,  however,  show  no  tendency  to  sur- 
round it. 

The  notochord  is  now  larger  than  at  any  subsequent  stage- 
In  it*  formed  or  permanent  condition,  it  persists  as  a  clo» 
gnntilaT  mast  in  which  we  can  aometimes  delect  cell  divi- 
sion, iiumetimes  not-  (See  PI.  XXI,  fig.  H;  figs.  IS 
and  13.)  In  Stage  k  an  ingrowth  of  hypoblast  below,  cuts 
off  its  connection  wiih  ibe  alimentary  canal.  In  a  much 
later  period.  Stage  u.  it  has  a  vacuolated  appearance ;  a 
bnoolting  network  of  connective  tissuo  supporting  promi* 
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neut  nuclei,    an  appearance    which    has    been    noticed  in 
many  other  forms  (PI.  XX,  fig.  15). 

This  completes  the  interesting  history  of  the  developmeut 
of  the  notochord.  To  summarise  :  The  invagination  hypo- 
blast cells  are  first  continuous  as  a  single  layer,  wholly 
across  the  median  line ;  those  farthest  from  the  three  central 
cells  are  gradually  pushed  down  by  the  ingrowth  of  the 
mesoblast.  There  is  no  tendency  to  split  below.  They  are 
further  reflected  around  until  the  lateral  cells  meet,  and  the 
<^itinuity  with  the  hypoblast  is  broken.  It  still  impinges 
against  the  cpiblast  above,  and  forms  the  upper  boundary  of 
the  alimentary  canal  below. 

A  comparison  has  already  been  instituted  between  the 
development  of  the  notochord  in  Triton  and  its  development 
in  the  Frog,  the  Lamprey,  and  the  Elasmobranch  Fishes. 
Ill  important  details  the  processes  are  very  similar.  To 
carry  the  comparison  a  step  further,  in  Amphioxus  the  noto- 
chord is  differentiated  from  the  hypoblast  before  the  meso- 
blast has  become  constricted  off,  and  at  the  time  that  the 
medullary  plate  is  closing  in  above. 

Hensen  has  demonstrated,  beyond  doubt,  that  the  noto- 
chord is  of  hypoblastic  origin  in  the  Guinea-pig ;  and  that  it 
probably  arises  in  the  same  way  in  the  Ilabbit.  Quite 
recentlv,"Mr.  Balfour  has  shown  tliat  it  has  a  similar  deriva- 
tion  in  the  Lizard,  Laccrta  inuralis. 

h\  t^cvcriil  rc>|)ects  tlu'  notochord  ari^-os  in  a  simpler 
manner  in  Triton  tlian  in  any  of  lliose  forms  in  which  tho 
])roccss  lias  hccn  clearly  followed  out.  in  that:  first,  the 
cells  do  not  reduplicate  vertically,  as  in  the  Elasmobranchs 
and  the  Lamprey,  j)revious  to  the  formation  of  the  organ  ; 
second,  when  tln^  or^an  is  comjiletely  formed,  it  still  bounds 
the  alimentary  canal  below,  as  in  neither  of  the  other  forms 
nor  in  tlie  Kro^ ;  tliird,  no  portion  splits  off  subsequently  to 
form  tlie  hypoblast  layer  bounding  the  canal  above,  this 
layer  appears  from  the  sides. 

It  is  difhcult  to  jutl^e  from  Kowalevsky's  description, 
whetlier  the  whole  depth  of  the  layer  bounding  the  canal 
above  is  absorbed  i)y  the  notochord,  or  wlietl^'r  the  lower  por- 
tion remains  as  an  upper  linin;^  of  the  canal,  and  the  upper 
portion  alone  enters  into  the  notochord.  If  the  latter  is  the 
case,  tlie  Newt  presents  the  simplest  notochordal  develoi)- 
ment  known. 

The  evidence  from  all  these  forms  points  so  stronglv  in 
one  ilirection,  as  to  amount   almost  to  proof,  that    the  study 

•    Viih'  Kowali-Vbkv,  loc.  cil. 
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Ptlie  more  important  type§  which  have  not  ns  yet  been 
ohserve<l,  nnd  the  clearing  up  of  thp  doubts  which  still 
envelop  other  tj|ies,  mil  fix  the  <lerivalion  of  the  notochord 
from  the  hypoblast  ;is  n  law,  latlit'r  than  as  n  feature  posi- 
tire  in  some  cases,  and  with  an  cxcepiional  oviyiu  from  the 
noesoblast  in  others. 

The  Hypobhisl. 
In  Stage  c  the  notochordul  cells  arc  cuntiniioiis  «t  the 
vides,  with  the  layer  of  hypoblast  lining  the  yolk  (sec  i*K 
XX,  tig.  6).  In  Stage  n  this  roiititinily  is  coinplt'l^ly 
broken,  the  layer  appears  a^  a  long  narrow  row  of  cel^, 
flutened  ngaimt  the  sides  of  the  notochord,  but  not  enclo«r 
ing  it  below.  Elsewhere  this  layer  shows  no  new  features^ 
In  Stage  k,  however  (sec  PI.  XXI,  fig,  8),  the  colls  liavo' 
grown  down  and  meet  below,  completely  surroumling  the 
ftlimentitry  canal  and  shulling  it  off  from  the  notochord,  1\\\« 
process  is  interesting,  as  it  shows  that,  while  the  original 
upper  lining  is  mainly  absorbed  by  the  notochord,  the  per- 
manent upper  lining  is  formed  from  the  yolk  hypoblast  colls, 
■nd  that  now  almost  the  entire  layer  is  formed  of  this 
secondary  hypoblast,  the  hulk  of  the  primary  or  invagina- 
tion hypoblast  having  gone  to  the  notochord.  The  hypo- 
blast grows  under  the  notochord,  in  much  the  same  way  in 
the  Lamprey,  but  at  a  somewhat  earlier  stage.  In  most  of 
the  other  forms  there  remains  throughout,  a  thin  layer  of 
cells  intervcaing  between  the  notochord  and  the  yolk. 

Body  Canty  and  Sotnittts of  thf  Iliad. 
As  already  mentioned,  the  growth  of  the  mcsoblatt  is 
from  behind  forward,  and  in  Singe  a  (PI,  XX,  fig.  4)  we  sec 
that  in  the  hetid  region  the  mesablaslic  plates  dn  not  meet 
ventrallj.  They  gradually  thin  out  foiivaids  and  end  near 
the  blind  termination  of  the  alimentary  canal.  At  this 
period  the  mesoblast  is  quite  thick,  and  U  com|>osod  of  nu- 
merous cells  of  spherical  shape,  but  exhibits  no  tendency  to 
become  divided  into  KUmatic  and  splanchnic  layers.  In 
Sisgc  H,  however,  the  cells  have  arranged  themselves  into 
two  layers,  and  quite  a  cavity  has  Hnpearcd  between  them 
(PI.  Xa,  fig.  8).  As  yet  this  chnnifP  is  confined  to  the  head, 
and  w  (here  is  a  cavity  in  the  head  on  each  side  of  the  mid- 
die  line,  contained  between  the  somatic  and  splanchnic 
layer*  of  the  tnesoblait.  Ttiese  cavities,  therefore,  are  partJi 
of  the  pleuro-pcritoneal  cavity,  and  when  that  is  formed  in 
"'  ^  body,  will  be  directly  continuous  with  them.     As  in  the 
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Sumobianch  Fishes/  the  cavity  in  the  head  is  formed  tt 
^  period  considerably  before  that  at  which  it  appears  ia  tlis 
Poiy.  These  two  head  caviiies  have  no  cDmtniinicatioa 
with  each  other,  as  the  mcsoblast  in  the  head  is  in  tvro 
Wparate  masses.  A  lougitudinal horizontal acclion  (PL  XXI, 
iSg.  10)  through  an  embryo  slightly  older  than  f  shows  thil' 
Cftvily  (pp-)  as  an  undivided  slit  bounded  by  columiut' 
mesoblast  cells.  But  when  the  first  visceral  deft  appears  a 
tn  outgrowth  from  the  hypoblast  of  the  throat  to  join  the 
■external  skin,  this  cavity  is  necessarily  separated  into  tirft 
portions,  one  behind  and  one  in  front  of  the  cleft.  Thii 
cleft  in  ihc  latest  stages  we  have  been  able  to  observe  never 
pierces  the  skin,  but  it  lies  close  to  it  and  so  divides  the  me- 
ooblast.  The  second  cleft  divides  ihe  cavity  into  three  sec- 
tions, and  each  succeeding  one  adds  a  fresh  segment  to  the 
{lumber.  Of  course  this  number  is  not  so  great  as  it  is  in 
the  Eiasmobranch  Fishes. 

The  section  in  front  of  the  first  cleft  presents  some  features 
which  demand  attention.      It  grows   forward  and  becomei 
divided  spontaneously  into  two 
close  to  the  optic  vesicle  (PI, 
jVont  of  the  mouth,  while  the 
gather  in  the  raaadibular  arch. 

runs  between  these  two  sections  and  somewhat  dorsal  to 
them.  Wf  Hrvc  not  been  able  to  make  any  satisfactory 
observations  U[iou  llieiv  relation  to  the  branches  of  the 
fifth  nerve,  but  from  their  position  it  seems  in  every  way 
probable  that  they  have  much  the  same  relations  as  those  de- 
scribed by  Mr.  lialfour  in  the  Eiasmobranch  Fishes.  The 
first  division  shows  a  small  lumen  surrounded  by  a  layer  of 
short  columnar  cells;  in  longitudinal  vertical  sections  (PI. 
XXI,  fig.  11, 1  pp.),  it  has  a  somewhat  oval  shape;  in  trans- 
verse sections  (fig.  13,  pp.)  it  has  a  transversally  elongated 
shape,  and  the  cavity  in  these  sections  is  seen  to  be  largest 
toward  the  middle  line.  During  no  period  as  late  as  Stage  L 
could  we  find  any  trace  of  a  ventral  union  between  the  ante- 
rior segments  of  each  side,  such  as  occurs  in  the  Elaamo- 
braucbs.  It  may,  however,  occur  later,  as  during  Stage  L 
they  approach  very  closely.  The  second  segment  (PI.  XXI, 
fig.  11,  2  pp.)  is  considerably  smaller  than  the  first,  and  has 
a  very  small  lumen.  Its  cavity  also  is  lined  with  columniu 
cells,  and  forms  a  narrow  slit  running  parallel  to  the  fiwt 
visceral  cleft.  The  mandibular  aortic  arch  lies  just  anterior 
to  i^  \neteR<\  "xl  close  to  its  inner  side  as  in  the  Elasmobrancbi. 

The  other  segments  of  the  head  cavity  lie  in  the  viscenil 
Balfour,  ioo.  cit,,  p.  86. 
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ad  show  narrow  cavities  lined  by  columnar  epithe- 
,  XXI,  fig,  12,  3  pp).  They  preGent  no  features  of 
eepcciftl  imporlance.  We  have  not  followed  out  the  Eubse- 
qu«nt  development  of  these  Begmcnts,  but  in  all  probability 
their  ceUa  become  transformed  into  muscle  cells. 

Ill  the  foregoing  description  there  will  be  observed  a  very 
cWe  similarity  to  what  has  been  described  for  the  Elaemo- 
brftncha;  in  fact^  with  some  minor  exceptions,  and  the  one 
important  one  of  the  non-com  in  unication  of  the  lirst  pair  of 
Mgmeiits,  Mr.  Balfour's  descriptions  will  apply  equally  well 
to  our  8])ecimene.  This  is  of  the  more  interest,  for 
Triton  in  this  respect  is  very  much  more  like  the  Elasnio- 
branchs  than  it  is  like  the  Batrachimis;  a  fact  which  ^s 
aomewbat  remarkable.  In  the  liatrachians  so  carefully  is- 
vestigated  by  Dr.  Gotte,'  there  appears  to  be  no  head  cavity 
finmed  at  any  period.  On  the  other  hand,  two  series  of 
Hgrnents,  an  inner  and  an  outer  series,  become  formed,  and  t 
■re  believed  by  Ur.  Gotte  to  correspond  respectively  to  the 
vertebral  and  lateral  plates  of  mesobUsi  which  are  developed 
in  the  trunk.  The  iutcmal  segments  resemble  tha  prolo- 
vertebric  in  shapy,  but  are  smaller;  their  walls  develop  into 
muscular  fibres  and  represent  the  anterior  continuation  of 
thfl  dorsal  muscles.  The  external  segments  are  contained  in 
the  visceral  arches.  In  the  anterior  division  of  the  head 
(Guile's  VorderkopfJ  there  is  only  one  pair  of  segments,  as 
the  division  of  the  segment  in  front  of  the  first  visceral  cleft 
does  not  soem  to  occur ;  the  part  contained  in  the  mandibular 
arch  is  derived  from  tlie  growth  of  the  postero- lateral  seg- 
mentt.  The  most  nnterior  segment  of  all  gives  rise,  as  in 
tht  Elaemobranchs,  to  the  muscles  of  the  eye. 

It  is  remarkable  how  very  different  all  this  is  from  the 
process  observable  in  Triton.  There  are  found  in  the  pos- 
tenor  part  of  the  liead  four  segments  which  give  rise  to 
muUuUr  fibres,  as  in  Unmbinator,  and  continue  the  dorsal 
matole  forwards.  These  may  be  equivalent  to  the  four  in- 
ternal segments  of  the  head  of  Bombinator,  but  they  have  no 
ventral  continuations.  They  are  more  to  be  compared  with 
aegmentsiutheposterioT  part  of  the  hendoftheBlasmobranchs. 
With  rpgard  to  the  latter,  Mr.  Balfour  says,  (p.  209),  "All 
my  efforts  have  hitherto  fulled  to  demonslratc  any  seguieu- 
tation  in  the  mcsoblatt  of  the  head  other  than  that  indi- 
cated by  the  sections  of  the  hmly-cavity  before  mentioned, 
but  rince  these  must  bo  regarded  as  equivalent  to  muicle 
platen  any  further  segmentation  of  tnesoolast  could  not  be 
anticipated ;  to  tbte  stntemrnt  the  posterior  part  of  the 
>  Uskc,  pp.  ^03-JOS,  il0-8!t». 
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head  forms  an  apparent  exception.  Not  far  behind  the 
auditory  involution^  there  are  visible  at  the  end  of  Period  K 
a  few  longitudinal  muscles^  forming  aboat  three  or  four  mus- 
cle plates,  the  ventral  part  of  which  is  wanting.  I  have  not 
the  means  of  deciding  whether  they  properly  belong  to  the 
head  or  may  not  be  a  part  of  the  trunk  system  of  muscles 
which  has  to  a  certain  extent  overlapped  the  back  of  the 
head,  but  am  inclined  to  accept  the  latter  view."  The 
appearances  here  described  are  very  much  like  those  to  be 
seen  in  Triton,  and  we  are  not  in  a  position  to  pronounce 
lac^y  more  decided  judgment  upon  them,  than  upon  those  of 
the  Elasmobranchs ;  but  taking  into  consideration  Gotte's 
figures  we  are  rather  inclined  to  consider  them  the  axial 
segments  of  which  the  plate  containing  the  head  cavity  is 
the  lateral  part.  The  chief  differences  between  the  two 
types  of  Amphibians  lie  in  the  cavities  themselves,  and 
tne  number  of  segments  in  the  anterior  part  of  the 
head. 

Our  researches  do  not,  we  regret  to  say,  throw  much 
new  light  upon  that  difficult  morphological  problem,  the 
segmentation  of  the  head.  It  is  interesting  to  find  that 
as  in  thp  Elasmobranchs  there  is  one  pra?-oral  segment,  as 
might  be  expected  to  be  the  case  if  the  head  cavities  afford 
any  trustworthy  guide  to  the  number  of  head  segments.  Of 
course  the  number  of  postoral  cavities  is  less  than  in  the 
Elasmobranchs  owing  to  the  fewer  gill  clefts,  but  this  is  a 
feature  which  does  not  affect  the  question  at  issue. 

Of  whatever  value  these  facts  in  the  development  of  the 
Newt  are  considered,  we  think  that  they  favour  the  views 
expn  ssihI  hy  Mr.  Halfnnr  in  p.  ^1()  of  his  l)ook.  For  these 
head  caviticis,  if  of  morphological  iinportr.nce,  might  be 
anticipated  to  be  fairly  constant  in  charactcj. 

TJir  TJiyro'ul  Bodt/, 

IM.  XXI,  fij^.  12,  represents  the  earliest  condition  of  the  thy- 
roid 1)0(1}  whicli  has  fallen  under  our  observation.  In  it  we 
see  that  in  the  region  of  the  mandibular  arch  there  is  a 
5o//V/  (»nti];rowth  of  vAU  from  the  ventral  wall  of  the  alimen- 
tary cavity  whicli  has  reached  the  inner  layer  of  the  epiblast. 
The  latttr  has  at  the  point  of  contact  risen  \ip  slightly  from 
th(^  external  la\cr  leaving  a  small  triangular  space  between 
thciy.  In  the  next  stage  (fig.  13),  the  inner  layer  of  epi- 
Mn-t  has  ( Diilcsced  with  the  hyj)ol)lastic  outgrowth  and  is 
discontin\i(»u«^  across  the  mi<ldle  line.  It  is  now  difficult  to 
drtcimine   wIktc  one  layer  begins  and  the  other  ends,   so 
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complete  is  their  fusion.  The  external  layer  is  never  inter- 
rupted. Fig.  14  presents  a  rounded  thickening  of  the  fused 
mass,  which  is  the  next  step  in  development. 

The  latest  stage  we  have  (somewhat  later  than  w)  shows 
the  gland  separated  from  the  epiblast  (PI.  XXI,  fig.  15J  which 
is  now  continuous  across  the  midclle  Hne,  but  still  connected 
with  the  ventral  wall  of  the  cesuphngus  by  a  cord  of  cells. 
The  thyroid  is  now  a  solid  cylindrical  rod  of  considerable 
length,  ending  posteriorly  noar  the  ventral  aorta  ;  the  section 
shows  an  aortic  nrch  (1  aa)  cut  through  longitudinally.  The 
gland  consists  of  an  outer  or  cortical  layer  of  columnar  cells 
arranged  radially,  and  an  inner  small  kernel  of  rounded 
cells.  As  yet  there  is  no  trace  of  a  lumen,  or  any  division 
into  lobules.  Further  than  this  we  have  not  been  able  to 
follow  its  development,  but  have  no  reason  to  suppose  ihiit 
it  presents  any  great  peculiarities. 

On  the  whole  the  thyroid  body  of  the  Newt  corresponds  } 
quite  closely  in  position  and  mode  of  development  to  the 
same  body  in  the  Elasmobraneh  Fishes;  but  there  are  some 
points  of  difference  to  which  we  should  like  to  call  par- 
ticular attention.  (1.)  In  the  latter  the  diverticulum  of  the 
hypoblast  is  hollow  in  front  and  solid  behind  at  first,  and 
only  subsequently  becomes  solid  throughout,  while  in  Triton 
we  have  not  been  able  to  discover  any  stage  which  shows  a 
hollow  outgrowth.  The  solidity,  however,  does  not  occur 
from  any  confused  mass  of  cells,  but  from  the  fact  that  the 
two  sides  of  the  diverticulum  are  pressed  closely  together 
(PI.  XXI,  figs.  12  and  l-S],  Ofcourse  it  is  very  possible  that 
we  have  missed  a  stage  in  which  the  outgrowth  was  hollow  ; 
but  if  that  is  the  case  that  condition  must  be  a  very  tran- 
sitory one.  The  difference  is  only  one  of  detail  in  any  case. 
(St.)  Of  much  more  importance  is  the  fact  that  in  the  Elas- 
mobranchs  there  is  never  found  any  indication  of  continuity 
between  the  hypoblast  and  epiblast,  which  at  this  period  is 
■tilt  single  layered.  Dut  the  diverticulum  is  pressed  very 
closely  agniost  the  epiblast,  presenting  just  the  appearance 
of  the  first  visceral  cleft  which  does  not  perforate  the  skin.' 
(We  do  not  wish  to  intimate  by  this  comparison  an  opinion 
that  the  thyroid  is  a  modified  visceral  cleft,  because  all  diver- 
ticula from  the  throat  to  the  external  skin  must  look  more 
or  lt«*  alike.) 

The  account  given  by   Dr.  Guttc*  of  the  development  of 
"  B  thyroid  in  Bombinator  is   still   more   like  our  account 
hat  given  by  Mr.  Balfour  of  the  EUsmobranchs. 
'  Balfour,  loo.  cit.,  VMf  XIV.  %.  So.  p.  iii-i. 
'  Loc,  cit.,  p.  (IC7. 
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2.  s^nir^S-zik^  pc^cewi?  ii:  m  iu;ias  moch  like  that  of 
the  Fioe.  b -t  ;h.«  nrof  cf  :he  t«sa«niaiioii  ciTity  is  from  the 
TCTT  first  onl;  oc^  celi  :iiict. 

3,  J;*  t(JW3r»i«rf7i>ii/  ijtra^TMatiim,  like  th«t  of  the  ¥ng 
and  Lamprey,  t^es  plice,  eiTinz  rise  to  one  layer  in  the 
middle  line,  the  hypoblast,  and  tvo  at  the  side?,  hypoblast 
and  mesoblast.  The  inn^iEadon  icesofalast  is  supplemented 
by  other  cells,  which  split  off  frT>m  the  yolk  hrpobFasL  Theae 
two  lateral  and  disconnected  masses  of  mesoblast  are,  we 
consider,  the  homolognes  of  the  paired  hypoblastic  dtTen 
ticnla  in  Amphioxus. 

The  r/tMOf/  is  at  first  eonpoced  of  a  sii^Ie  la^er  of 
jeMbcbe,  'Zc^aehia,'  1671.  Rk  4S5-4». 


^^P  EARLY    DEVKLOPMENT  OF  THE  COMUON   NEWT.  475 

columiiai  cells,  whicli  early  separate  into  two  rows,  and  of  the 
two  layers  thus  formed  the  inner  becomes  the  active  one, 
entering  exclusively  into  the  furmaiion  of  the  sense  organs. 
In  the  spinal  cord  and  brain  ibe  division  into  two  Inyers  does 
not  lake  place  till  very  much  later. 

5.  The  hypoblast  is  of  two  kinde,  the  invaginated  and  that 
which  arises  from  the  metamorphosed  yolk-cells. 

6.  The  nofocbonl  is  of  hypoblastic  origin,  and  takes  up  the 
entire  dorsal  wall  of  the  alimentary  tract  (except  in  the  head) 
in  its  formation,  fresh  hypoblast  growing  from  the  sides 
below  it.  It  becomes  well  formed  and  cylindrical  in  shape 
before  any  cell  division  takes  place  in  it. 

7.  The  bodij-cacity  extends  into  the  head,  appearing  in 
this  region  first.  The  head  mesoblast  becomes  split  into 
somites,  which  have  the  same  relations  and  number  (except 
•o  far  as  modified  by  the  reduction  of  the  visceral  clefts)  as 
in  the  Elasmobranchs,  but  do  not  seem  to  communicate 
below. 

8.  The  thyroid  body  is  formed  by  an  outgrowth  from  the 
■limeoinry  canal,  the  walls  of  which  become  continuous  with 
the  mucous  layer  of  the  epiblast ;  the  continuity  of  the  homy 
layer  is  not  interrupted. 

Conclusion. 

If  the  autements  in  this  paper  prove  to  be  well  founded, 
they  will  give  us  some  data  for  judging  of  the  relationships 
of  the  two  groups  of  Amphibia  to  each  other,  and  to  some 
lower  types.  The  marked  divergences  from  the  Batrachian 
type  which  the  Newt  shows  us  point  to  the  conclusion  that 
tiie  Urodeles  and  Uatrachians  have  been  separated  for  a  very 
long  period.  And  it  is  interesting  to  observe  that,  in  those 
cases  where  the  divergence  is  other  than  a  mere  matter  of 
detail,  it  lends  towards  the  Ltimprey,  and.  through  that  to 
Amphioxus.  The  opinion  »eems  to  be  gaining  ground  that 
some  such  form  as  the  Lamprey  is  the  point  toward  which  the 
Amphibia,  the  Klaamobranch,  Ganoid,  and  Dipuoic  fishes 
converge,  and  the  more  these  types  are  investigated  th? 
better  eatablishcd  appears  this  view.  As  yet,  however,  we 
are  not  in  a  position  to  pronounce  upon  it  with  even  an 
Rpptoxiination  to  certainty.  The  observations  brought 
forward  in  this  paper  tend  strcngly,  we  think,  in  this 
direction,  And  we  none  that  future  investigations  upon  the 
Amphibi*,  the  Ganoids,  and  especially  the  Dipnoi,  will  soot) 
put  the  mtttldr  to  a  crucial  test. 

tn  conclusion,  we  must  express  our  verv  sincere  thanks  to 
Mr.  F.  U-  BalTonr  for  his  never-ruling  kindness  and  assist- 
ftbce  to  us  while  engaged  in  this  work. 


i 


.    RAV   LAKKUTKIL. 


iThe  Stbccture  of  IIalumivsem*  TrMANOwiczii.     IW  E 
Ray  Lankester,  F.R.S.    (With  PUie  XXIl.J 

REMARKABLE  clJspute  Hrs  becn  carriei)  on  during  Ihe 
^  LSt  year  concerning  u  minute  mnrinc  orgniiiani  which  f«TBi» 
ktubular  ctise  iusbAi>e  like  a  "  caTnucopia,"  scarcely  so  \itxge 
I  letter  "  y  "  as  ]mnte(l  on  this  ptige.  These  little  tuba 
e  firat  described  by  Dr.  Dowerbank  (in  1 S64, '  Brituh 
Bponginda?/  Ray  Society),  and  were  considered  by  biai  to  I* 
the  skeletons  of  a  very  simple  kind  of  sponge,  lu  which  fci 
gave  the  name  Halipnysema.  Two  species  were  deBcriM 
by  that  author,  viz.  H.  Tumanowicnt  and  //.  rnmHhsvm. 
Mr.  Curttr,  in  1870  ('Ann.  and  Mag.  Nat.  Hist..'  p.  JWffJ 
brought  forward  tensons  for  considering  those  Iitth>  tubmit 
the  work  of  quite  another  group  of  organisms,  vti.  (bo 
Foraminifcra,  and  described  what  he  considered  ns  n  olosely 
allied  form  under  the  name  "  Squamulina  /tcopti/a."  In 
1877  Professor  Ernst  Haeckcl  piibliMbed  Jn  the 'Jcuaiscba 
Zeitschrift '  an  account  of  Halipnyaema,  in  which  hn  recog-  ■ 
nised  five  species ;  with  this  genus  he  associated  a  new  J 
one,  Gastrophyseina,  into  which  he  placed  the  "  VjirirriiifilMM 
tcopula  "  of  Carter,  and  a  new  species  G.  rlithalamiam.  | 

The  soft  parts  of  the  Ilaliphysema  of  Buworbunk  and  of 
Carter's  similar  organism   had  never  been  described  before 
Professor  Haeckel's  memoir  on  the  subject,     TTaliphysrina 
was  simply   known  as    a  fitnncl-liko  shell  of  minute   ai/*, 
the  substance  of  the  shell  being  made  up  of  particles  foreigt: 
to  the  organism  itself,  namely,  grains  of  quartz,  spiculei  of 
sponges, — andany  other  such  material.  There  wna  nothing  in 
the  structure  of  the  tests  of  these  organisms  to  forbid  their 
association   with    the  arenaceous   Foraminifera   or   similar 
building  forms  of  Protozoa.  On  the  other  hand,  it  was  possible 
that  they  were  the  ivork  of  a  sponge,  a  polyp,  or  even  of  «  ■ 
worm.     Professor  llaeckel  gave  a  most    minute  and  fulbfu 
illustrated  description,  not  only  of  the  test  of  IlaliphytenuM 
and  Gastrophysema,  but  also  of  their  soft  living  snbstancoA 
His   memoir   is  illustrated   by  three   plates,  and  on  tltoin 
plates  are  figured,  with  ideal  symmetry  and  precision,  ibfl 
appearance   of   these  forms   as    seen  when    Ion  gi liid  JnalhM 
divided  in  the  living  state.     Fiofessor  llaeckel   describdH 
HnliphyiM-ma  and  Gastrophysema  a»  hollow  mouth -bearii^J 
■DCS,  built  of  two  layers  of^  cells— an  outer  "sjncytium^l 
the  ectoderm — and  an  inner  closely  set  linin^c  of  flagallat^l 
"callared-cells,"  Similar  to  those  found  in  theciliatecbamben 
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of  stioiiges.  FurtWr,  he  described  and  figured  a  number  of 
e^-like  bodies  ns  udhering  to  the  endoderm  and  formed  by 
a  mudificatioti  of  its  cells.  These  were  regarded  as  ova, 
Excfpiiiig  for  the  abseiice  of  pores  in  the  body-wall,  the 
structure  thus  described  corresponded  very  closely  uitli  ihftt 
of  the  simplest  examples  of  the  Fotifera  or  Sponges.  In 
consideration  of  Iheir  wanting  the  pores  characteristic  of 
Sponges,  I'rofessor  Haecko!  proposed  to  place  the  gfnus 
Haliphysema  of  Buwerbank  and  his  own  new  genus  Gas- 
tropfaysema  in  a  new  great  ^roupof  Ctelenteric  animals,  to 
which  he  uave  the  name  "  Physemaria."  The  Physematia 
■  Btatea  to  represent  the  simplest  two-cell -layered  forms 
"h^from  which  all  the  Metazoa  (or  Enterozoa)  have  been 


such  ihcPhysemaria  have  been  admitted  into  text-books 
(f.g.  Gvgenbfiur's  '  Grundriss '),  and  have  formed  the  subject 
of  many  a  discourse  when  the  principles  of  phylogeny  and 
the  germ-layer  theory  have  been  expounded  to  zoological 
students. 

Quite  recently  a  doubt  has  been  raised  as  to  whether 
the  "Physemaria"  as  a  group  have  any  existence  at  all. 
We  are,  m  fact,  aj>ked  lo  believe  that  thite  are  two  teU  of 
orynnitma  exactly  alike  in  the  diitiuls  of  their  external  struc- 
ture, vix.  the  cornucopia-like  lube  ivith  its  disc-like  base  and 
its  constituent  spicules,  &c.,  but  differing  from  one  another 
in  the  structure  of  their  soft  parts — the  one  being  Proto- 
zoa, the  other  sponge-like  inultieellular  Co^lenterales. 

The  matter  has  been  brought  to  this  pass  by  a  series  of 
paiiers  in  the  '  Annals  and  Mng.  of  Nat.  History,'  con- 
tributed during  llic  pa»t  yeor  by  Mr.  Carter,  the  Rev.  A, 
M.  Konnin  and  Mr.  Savile  Kent,  and  the  difficulty  of  the 
pQsitiou  will  be  in  no  way  diminisbi-d  by  the  observations 
which  I  have  myself  made  and  am  about  to  record.  Mr. 
CtrteTi  the  original  discoverer  of  Haeckel's  Oastrophyaema 
e^Vpula,  protests  that  the  chambered  nulurc  of  the  shell  of 
**"  lUttle  organism,  and  the  extrusion  of  protoplnsm  in  the 
of  pseudopodin  from  broketi  but  living  sperimena, 
them  to  be  Foraminifera  and  not  Ccclenlcra.  At 
le  time  Mr.  Carter  is  not  able  to  state  from  observa- 
that  bis  specimens  nrc  devoid  of  an  axial  cavity  lined 
by  flsgclUto  eoUar-ccllG. 

Mr.  Nonnai),  on  the  other  hand,  after  examining  Mr. 
Carter's  specimens  of  Gattrop/iysetna  (=  St/uamultna) 
ttaputa.  and  comparing  them  with  Dr.  Bowerbank's  lype- 
spccimcDS  of  Hati[ihy(«ma,  and  with  other  specimens  and 
supposed  dtvsrse  species  of  that  genus,  comes  to  the  con- 
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clasion  that  ul)  thcge  formst  GaEtronhysomit  nnd  TTiill|fl| 
sema,  are  but  variations  of'onn  sptciM,  npccMHrily  rcf^ntl 
to  the  original  Haliphyscina  Tunianomc:ii. 

At  the  sniue  time  Mr.  Nonnaii  hnii  no  ubservnliotii 
offer  relative  to  the  internal  stnicmre  nf  the  soft  Hvit 
niiimal,  and  accepts  (us  all  zoolo^tsta  would  fjladty  do 
this  mometit)  Professor  Hauckcl's  dcscriptiyn  "  /-.-tr-. 
Accordingly  Mr.  Norman  refers  Ha1iphy«emn  it»  ■ 

In  July,  1878,  however,  the  '  Anitnia '  contn 
important  paper  by  Mr.  Saville  Kent.  Whilst  oih'  i 
had  settled  down  to  a  belief  in  the  Physemari-i,   M:    K>'i 
had  not  rested  content  till  ho  obtained  living  cpccimen)  of 
these  forms.     These   he  procured  in  abundance  at  Jentfi  i 
and  was  now  able  to  offer  some  most  a:<toniihing  obwnr*' 
tions  on   llaliphyscma.     He  figured  in   a  drawing,  whioli 
must  he  accepted  as  an  accurate  representation  of  ^ac^  I 
specimen  of  the  tube  of  Haliphyeema,  ftora  which  was  iMuinf 
BD   abundant  reticular   protoplasm,  spreading  il«  filsmeno 
far  beyond   (ho  tube,  even  to  a  distance  of  five  times 
greatest  diameter   {'Annals   nnd  Mag.    Nat.  History," 
V,  vol  ii,  ul.  v).     This  drawing  represents,  Mr.  Krtit  (clb 
us,  what  he  saw  of  a  living  specimen  examined  intact  M 
the  tield  of  the  microscope. 

The  conclusion  which  Mr.  Kent  drew  from  this  obserm- 
lion  was  perfectly  legitimate.  He  concluded  that  be  hli 
before  him  a  Reticularian  Rhizopod.  Further,  ho  had  nd 
reason  to  doubt,  espi'cially  after  Mr.  Norman's  discussion  of 
tkc  subject,  that  the  tube  from  which  the  protoplasm  issued 
was  that  of  Haliphysema  (alias  Squamulinn,  alias  Gaotni* 
physema).  Accordingly,  Ilaliphyscmn  was  shown  not  to  bff 
a  Iwo-cell-layered  organism,  but  an  .tronaceous  Foramtnifer, 
one  of  Dr.  Carpenter's  Lituolida. 

At  the  same  time  Mr.  Kent  is  careful  to  point  oat  th«t, 
should  there  be  organisms,  as  represented  by  ProfossoT 
Ilnccki-I,  corresponding  to  the  forms  identified  by  htm»eir 
(Mr.  Kent)  with  Ilaliphysema,  and  having  internal  cavitie* 
lined  with  collar-bearing  flagpllntc  cells,  thoir  sponge  natuie 
would  be  unquestionable,  nnd  wc  should  faavc  lo  tbom 
merely  romarkable  iaomorjiht  or  external /acvimiltt  of  Ih 
Foraminiferal  type.  "^ 

Doing  deeply  interested  in  this  controversy,  and  nut 
knowing  whom  to  credit  nor  how  to  explain  discrepatiriM, 
doubting  very  much  the  "isoniorph"  tneorv.  (  applied  tu 
Mr.  Saville  Rent  for  living  specimoni  of  his  Haliphftof^ 
TYiauinoKicsii.  '  ' 

With  my  request  he  most  couneously  cutnplicd,  anitJ 
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I  Jersey,  not  only  a  ijuantily  of  living  epeciniens,  )>ut 
iQuently  others,  carefully  treated  by  reagents  on  the 
Kcording  to  my  directions. 

■lay  confess,  without  offence  to  Mr.  Kent,  that  I  was 
t  upon  discovering  in  his  Haliphysema  evidence 
,  e  syncytium  and  collar-bearing  flagellate  cells  described 
T  Haeckel,  which,  I  thought  it  possible,  might  have  escaped 
Ills  observation.  My  inquiries  were  made  on  both  livingsnd 
Wcserved  specimens,  and  have  led  to  the  discovery  of  a  very 
aiitcresting  structure,  which  might  at  first  sight  he  taken 
10  iiidicaEG  that  the  organism  was  built  up  of  many  cells,  and 
■was  similar  to  a  sponge.  The  structure,  as  described  below, 
is,  however,  essentially  that  of  tKe  Protozoa,  and  leaves  no 
doubt  whatever  iii  my  mind  that  Haliphysem^i  ia  to  be 
referred  to  that  group. 

Whether  there  are  isomorphs  of  Haliphysema  constituting 
the  group  "  Physemaria,"  us  suggested  by  Mr.  Kent,  and  as 
kIbo  asserted  by  Dr.  R.  Ilertwig,  of  Jena,  in  Hoffman's  and 
Schwalbe's  '  Jahreabericht,'  vol.  vii,  second  part,  is  a  matter 
which  ia  clearly  out  of  the  field  of  discussion. 

It  is  certainly  most  desirable  that  these  "  isomorphs" 
should  be  produced,  as  I  earnestly  hope  that  they  will  soon 
be,  by  my  friend  Profesor  Haeckel,  or  else  that  some  kind  of 
explanation  should  be  offered  to  remove  the  present  puzztitig 
antagonism  of  the  statements  which  have  been  made  in 
regard  to  Haliphysema  and  Gastrophysema,  by  Professor 
Haeckel  ou  the  one  side,  and  by  English  observers  on  the 
other. 

1.  Condition  of  the  nuileriiil  tludied. — The  specimens 
forwarded  to  me  were  in  two  conditions:  firstly,  several 
living  specimens  sent  in  a  large  vessel  of  sea  water  j  secondly, 
specitnens  preserved  in  Jersey  by  Mr.  Kent  by  placing 
them  first  in  a  large  quantity — half  a  litre — of  one  sixth 
per  cent,  solution  of  chromic  acid,  from  which,  after  a 
lapse  of  twentyfonr  hours,  they  were  removed  to  strong 
alcohol. 

a.  External  test.— In  PI.  XXII,  fig.  1,  I  have  given  « 
drawing  of  the  external  teat  of  a  small  specimen,  magnified 
'S5  times  linear.  The  specimens  sent  to  me  were  very 
.  aritfd  in  forai,  some  much  more  clongaled  than  that  figured ; 
others  with  k  more  globoce  anterior  region  (like  Utistro- 
physema) ;  others  exhibiting  a  nodose  series  of  enlargements 
(polylhaUmou)}.  The  cltaraeler  and  direction  of  the 
spicules  and  Ero^ients  of  spicules  used  to  form  the  test  was 
not  the  sane  in  alL  The  first  specimens  which  I  rereivcd 
cfwrfy  rutmhUd  tbe  Haliphysema  figured  by  Haeck«l  in 
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Ibe  'Jen.  ZeitKhnft,'  bat  uone  were  to  perfeclljr  sjrm- 
nefiical  and  unifomi  in  the  disposition  of  the  spicules,  ft 
if,  boirever,  important  to  state  (hat  the  forwan)ly-poiutili|; 
•jnctiles,  giriog  the  orgaQum  a  bru>b-like  appearance,  m 
¥€17  nearly  as  abundant  in  amt  of  (he  Jerse;  epecimetu  u 
m  ProfesHur  Haeekel'a  figure.  The  form  which  I  have 
drawn  was  selected  as  being  the  coniiiioae«l  in  the  gatheiing 
sent  to  me. 

There  are  certain  very  striking  points  of  i<IeatUj  between 
ibe  Jersey  Rpecimeos  and  Profe«c«r  Haeckel*s  6gure.  The 
lust  is  the  poj.session  of  a  large  disc-like  or  rather  a 
bemispberical  base,  which  gires  support  to  a  narrow  stalk, 
coiDparabte  to  the  stem  of  a  wiue  glass.  The  second  is  the 
eompo6iti<»i  of  the  test  from  sponge  spicules,  among  which 
those  of  Reniera  and  Esperia  predomuate,  a.S90ciated  with 
which  are  spicules  of  Calcispongia,  fragments  of  the  spines 
of  Crustacea,  and  granules  of  quartz.  It  is  obnous  enough 
that  a  composite  test  of  this  kind  is  liable  to  rary  in  its 
componenta  almost  indefinitely,  according  to  the  msteiia) 
existing  in  its  locality. 

\o  pores  or  fenestise  are  visible  in  the  walla  of  the  test, 
excepting  anteriorly,  where  there  is  a  ctMuideiable  apertare 
in  or  deficiency  of  the  test. 

3.  The  contents  of  the  test. — It  is  difficult  to  obtain  from 
ii  fresh  specimen  ol  Hjliphvf'eina  satisfactory  evidence  of  the 
nature  of  the  living  subsiance  which  it  encloses-  Mr.  Kent 
was  forlunate  etiougb  to  observe  reticular  protoplasm  ex- 
truded from  his  Bpecimeiis.  Those  which  1  received  did  not 
exhibit  this  phenomenon,  owing,  no  doubt,  to  the  fact  that 
they  had  been  affected  by  ihe  journey.  It  was,  however, 
possible,  by  carefully  teazing  the  fresh  specimens  with 
needles,  either  in  salt  water  or  iu  osmic  acid,  to  obtain  frag- 
ments of  a  finely  granular  protoplasm  interspersed  among 
the  broken-up  spicules  of  the  test.  These  fragments  of 
protoplasm  exhibited  very  usually  one  or  sometimes  three 
or  four  vesicular  nuclei,  which  could  readily  be  stained  with 
picro -carmine.  These  nuclei  were  identical  with  those 
dr.nwnin  PI.  XXII,  ii^;.  10. 

The  most  successful  nneihod  of  separating  the  lest  from 
the  contained  soft  matter  1  found  to  be  the  following; — 
Specimens  which  had  been  placed  when  quite  fresh  id 
chromic  acid  (J^th  per  cent.),  and,  subsequently,  in  alcohol, 
were  treated  successively  with  absolute  alcohol,  oil  of  cloves, 
and  Canada  balsam,  either  with  or  without  previous  staining 
by  htematoxylin.  The  whole  specimen  was  mounted  in  bal- 
ssm,  and  the  covering  glass  then  gently  pressed,  and  moved 
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in  aacb  a  way  as  to  crack  the  test  and  roll  away  its  frag- 
ments from  the  soft  kernel  iviihin.  In  this  wajr  I  succeeded 
in  obtaining  several  more  or  less  complete  "  cores  "  or  "  ker- 
nels," such  as  that  figured  in  PI.  XXII,  fig.  2. 

'fliese  were  sufficiently  transparent  to  admit  of  tlieir  exa- 
mination by  the  highest  powers  of  the  microscope,  and  by 
leasing  stained  specimens  it  nas  easy  to  obtain  complete 
evidence  of  iheir  structure. 

The  "core"  yf  llalijifiy»ema — I  speak  of  the  Jersey 
specimens,  not  of  Professor  Ilaeckel's — is  a  continuous  mass 
of  protoplasm,  exhibiting  no  central  cavity,  and  devoid  of 
"  cell-Ktructure."  On  its  surface  this  core  is  fluted  and 
moulded  to  the  shape  of  the  adjoining  spicnlc-fragnientB 
which  form  the  test  (see  PI.  XXII,  ti^'s-  2  and  11  r).  There 
appears  to  be  no  diffL-rentiation  of  a  "  cortical  substance  "  oo 
I  lie  surface  of  the  cure,  thou|^h  the  protoplasm  is  more  free 
from  granules  here  than  it  is  deeply. 

The  nuclei. — Scattered  in  the  protoplasm  are  an  immense 
number  of  vesicular  bodit-s  averaging  r^V,„th  inch  in  dia- 
meter and  of  very  constant  size.  These  vesiciihiT  bodies 
■tain  deeply  ;  ihoir  walla  are  thick  and  their  contents  finely 
granular  or  else  hyaline.  The  wall  of  the  vesicles  stains 
much  more  deeiily  than  their  contents.  lu  the  living  state 
these  vesicular  bodies  are  spherical  in  form  ;  after  the  action 
of  chromic  acid  or  of  alcohol  they  exhibit  various  conditions 
of  collapse  and  shrinking;  some  of  these  are  drawn  in  fig. 
10.  In  leazed  chromic-acid  si>ecimens  the  vesicles  are 
readily  isolated,  frequently  leaving  a  "  bed  "  or  space  in  the 
protoplaam  from  which  they  have  been  disinterred. 

The  term  "  vesicular  nuclei "  may  be  applied  to  these 
bodies  which  certainly  constitute  the  moat  obvious  structural 
feature  of  the  soft  substance  of  Hnliphysema. 

We  have  not  to  go  far  to  find  their  parallel  amongst  the 
]*rotozoa.  Though  they  differ  in  the  fact  that  they  are 
9tn  abundant,  and  in  their  sharp  emarginaliun,  from  the 
nuclei  recently  discovered  in  Foraminifera  by  F.  E.  Hchulae 
ftnd  Hcrtvrig,  yet  it  seems  mofl  probable  that  they  are  only 
an  elaborated  condition  of  such  nuclei.  In  abundance  and 
ikarpneas  of  outline  tbcy  are  paralleled  or  evi^n  surpaKaed  by 
the  vesicular  nuclei  of  I'elomyia,  and  it  is  also  a  conclusion 
admitting  of  little  doubt  that  the  peculiar  oat-shaped  cor- 
pnaclea  of  I^byrinthuta  and  Chlamydomyxa  are  further 
namplea  of  the  exitlenc-c  of  very  numerous  sharply- defined 
nuclei  existing  in  an  organism  which  is,  neverthctess,  uni- 
Cfltular. 

The  vcsicaUr  nuclei  which  are  now  figured  aa  character- 
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istic  of  Haliphysema  occur  in  nil  probability  io  the  other 
Arenaceous  Foramlnifera,  and  in  other  members  of  the  group 
also.  Dr.  Carpenter  figures  in  his  clasEical  monograph 
of  the  group,  published  by  the  Ray  Society,  ci^rtain 
vesicular  bodies  from  OrbitoUtes,  which  correspond  in 
size  and  general  character  with  the  vesicular  nuclei  of 
Haliphysema.  It  is,  however,  poBsible  that  the  bodies 
found  in  Orbitolites  are,  as  Mr.  Moseley'  has  suggested, 
parasitic  unicellular  Alga;.  Those  of  Haliphysema  are 
certainly  not  parasitic,  but  integral  parts  of  the  organism 
io  which  they  occur.  In  the  fresh  state  they  are  colourless, 
whilst  Mr.  Moseley  states  that  the  corpuscles  of  Orbitolites 
are  green  when  fresh  (probably  coloured  hy  cblorophyll), 
and  compares  them  with  the  yellow  "  cells  "  of  Radiolaria, 
which  have  been  supposed  by  Cicnkowski  to  be  parasitic. 

Egg-like  bodies. — The  vesicular  nuclei  are  most  abundant 
in  the  basal  portion  of  the  core  of  Haliphysema.  Ante- 
riorly they  are  much  diminished  in  number,  and  here  I 
found  in  several  specimens  that  the  protoplasm  was  seg- 
mented into  bodies  of  much  larger  size  than  the  vesicular 
nuclei,  varying  from  the  T-iVoth  to  the  -j-irith  of  an  inch 
in  diameter.  These  bodies  correspond  very  closely  vrilh 
the  "  eggs  "  figured  by  Haeckel  in  his  "  isomorph  "  of  Hali- 
physema. 

The  smallest  of  them  {fig.  6)  are  devoid  of  nucleus,  am! 
the  constituent  protoplasm  appears  to  be  vacuolated.  Id 
the  larger  specimens  the  outline  of  the  corpuscle  is  well 
defined]  but  there  is  nothing  like  a  wall  or  capsular  invest- 
ment. The  protoplasm  has  the  rather  coarsely  granular 
character  seen  in  egg-cells  so  usually^  and  a  central  nucleus 
is  after  some  care  to  be  made  out.  I  obtained  these  bodies 
most  satisfactorily  for  observation  by  teazing  preserved 
specimens  of  the  Haliphysema.  One  which  I  have  figured 
is  seen  to  be  undergoing  transverse  fission.  The  formation 
of  such  egg-like  germs  within  the  general  protoplasm  of  a 
unicellular  Protozoon  is  entirely  in  accord  with  what  is 
known  as  to  the  reproductive  process  in  such  organisms. 
There  are  numerous  observations  of  long  standing  (see  Car- 
penter's '  Foramlnifera  ')  which  indicate  such  a  formation  of 
nucleated  germs  within  the  substance  of  the  shell-bearing 
Keticularia,  whilst  the  most  recent  observations  on  the 
Kadiolaria  confirm  the  earlier  observation  of  a  similar  pro- 
CEBB  in  those  allied  forms. 

The  body  substance  in  general. — The  vesicular  nuclei  and 

the  egg-like  corpuscles  are  embedded  in  a  finely  granular 
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protoplasm,  which,  when  teazed  and  exnniined  in  smnlt 
pieces,  has  the  appenrance  of  being  built  up  by  a  meshwork 
of  fine  fibrillee,  or,  to  put  it  in  attother  way,  appears  to  con- 
sist of  denser  Bubstance,  honeycombed  by  very  small 
"vacuoles"  or  spaces  of  less  densf  substance.  Here  and 
there  are  denser  ^unules  and  small  corpuscles,  smaller  and 
less  cmarginated  than  the  vesicular  nuclt-i. 

In  no  pari  of  the  body  substance  is  there  evidence  of  any 
ftxinl  cavity  comparable  to  the  cnteron  of  higher  animals, 
nor  the  slightest  trace  uf  a  breaking  up  of  the  protoplasm 
into  areas  or  units  corresponding  to  cells,  with  the  exception 
of  the  egg-like  bodies  of  the  anterior  region. 

The  ^rlcryial  protoplasm. — In  the  specimens  preserved  in 
rhrumic  acid,  though  no  expanded  networks  of  protoplasm, 
such  as  that  seen  by  Mr.  Kent  in  living  exainpU-s,  can  be 
observed,  having  us  a  matter  of  course  been  teiracted  and 
shrunk  during  the  disturbance  pTeliminar]^  to  the  action  of 
the  preserving  fluid,  yet  in  all  my  specimens  knob-like 
masses  of  the  protoplasm  could  be  observed  here  and  Uiere 
on  the  surface  of  the  unbroken  tubes.  The  prettiest 
examples  are  those  in  which  the  protoplasm  has  been  killed 
and  preserved  whilst  crawling  along  the  surface  of  one  of 
the  projecting  spicules  of  the  tube.  In  6g.  1  such  knobs  of 
protoplasm  are  seen,  and  in  tig.  3  a  camera  lucida  dravring 
is  eiven  of  a  spicule  projecting  well  forward  from  the  test  of 
a  Ilntiphysema,  having  on  its  surface  a  quantity  of  stream- 
ing (or  rather  whiit  was  streaming)  protoplasm.  An  impor- 
tant fact  is  exhibited  by  this  siifcimen,  namely,  that  the 
vesicular  nuclei  pass  out  of  the  test  and  stream  with  the 
protoplasm  over  the  surface  of  the  spicules,  and  probably  on 
to  th«  network  which  is  formed  beyond  in  the  living  condi- 
tion.    One  of  the  vesicular  nuclei  is  seen  in  fig.  3  n. 

From  the  preceding  account  it  upiwars  that  the  structure 
of  Ilalipbysema  is  not  qiiile  so  simple  as  that  which  haa 
bc-vn  supposed  to  rharacterise  the  body -substance  of  the 
Lituolidn.  It  seems  to  me  very  possible  that  we  shall  even- 
tiull)'  find  among  the  larger  members  of  the  varied  groups  of 
omnisms  classed  as  "  Foraminifera  "  as  high  a  structural 
diflirrpntiation  as  that  exhibiu-d  by  any  of  the  naked  fresh- 
water foms  of  Oymnotnyia  (Khizopoda)  such  as  Pelomyxa, 
Chlatoyilomyxa,  and  Aciinosphocriuiu.  Possibly,  when  means 
ue  taken  to  overcome  the  diffii*ulties  of  observation  pre- 
sented by  their  opaque  and  re «i sting  shells,  the  larger 
"  Pofaminifvra  "  mny  prove  not  unly  to  be  nucleated  but  to 
be  ■•  highly  otgaimed  (though  not  in  the  same  way)  as  the 
Badioluta. 
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LiTHAHCBBA  DISCOS,  Dov.  gen.  et  sp.,  one  of  the  Gymkomtxa. 
By  E.  Kat  Lankbstkh,  F.R.S.     (With  Plate  XXIil.) 

1  INCLUDE  under  the  division  Gymnomyxu  all  those  Pro- 
toito!t  01  Homoblastic  animaU  which  expose,  in  a  naked  stale, 
to  the  medium  in  which  they  live,  the  living  protoplasm  of 
their  body-substance,  in  the  form  of  those  loliose,  filamen- 
tous, or  reticulate  processes  known  as  pseudopodia.  The 
group  is  the  complement  of  the  Corlicuta,  in  which  a  perma- 
nent differentiation  of  the  surface  of  the  body-subs  tance 
has  been  effected,  uecessilaliDg  either  parasitic  nutrition 
(GregarinEeJor  the  specialization  of  an  ingestive  orifice  (the 
CiHate,  Flagellate,  and  Suctorial  Infusoria).  The  Gynino- 
myxa  thuE  include,  together  with  the  Radiolaria  and  othen, 
all  those  forms  known  as  Rhizopoda,  whether  piorided 
with  nucleus  or  devoid  of  that  structure. 

In  examining  a  gathering  from  a  pond  near  Birmingham, 
forwarded  to  me  iu  April  last  by  Mr.  Uoltun  of  that  town, 
I  observed  six  specimens  of  an  organism  belonging  to  the 
group  of  the  Gymnomyxa,  apparently  hitherto  undescribed. 

The  organism  in  question  is  related  to  the  Amcebee,  having 
the  coarse,  lobose  pseudopodia  characteristic  of  thai  genus. 
At  the  same  time  the  proloplasm  of  which  it  consists  i* 
vacuolated  in  a  remarkable  way  not  observed  in  Amceha,  and 
moreover,  numerous  peculiar  concretions  are  embedded  iii 
its  substance,  which  are  not  precisely  like  anything  known 
in  Amoeba.  The  actual  form  of  the  processes  of  the  body- 
substance  or  pseudopodia  extruded  by  the  present  form  is 
also  not  identical  with  that  of  the  pseudopodia  of  the  com- 
moner Anitehro,  such  as  A.  princcps  or  A.  radiosa,  but  rather 
resembles  the  hernia-like  extrusions  of  the  protoplasm  ex- 
hibited by  that  very  remarkable  example  of  the  freshwater 
Gymnomyxa,  Pehmyxa,  described  a  few  years  since  by 
Professor  Greef,  a  form  which  I  have  bad  the  good  fortune 
to  find  also  in  this  country. 

The  new  Protozoon  I  propose  to  call  LUhamceba  discus, 
the  generic  name  having  reference  to  its  characlerstic  con- 
cretions, and  thespecifie  name  to  the  form  which  it  assumes 
when  in  a  quiescent  condition. 

I  am  not  able  to  furnish  any  particulars  as  to  the  life- 
history  of  Lithatnccba  discus,  but  it  appears  to  me  that  the 
details  of  its  structure  are  sufficiently  interesting  to  merit 
publication. 

Form  of  the  body. — In  Plate  XXIII,  fig.  I,  a  specimen  ii  j 
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ri^pTesenlFcl  as  seen  in  the  living  cundition,  qiiicacent.  It 
consists  of  a  discoid  mass  of  protoplasm  the  x^tli  of  an  inch 
ill  diameter. 

Tie  coneretiong. — The  periphery  of  the  disc  is  clear  and 
I'ulourli-ss,  towards  the  centre  a  dark  greyish  appearance  is 
observed,  oning  to  the  large  uumber  of  rounded  concretions 
of  a  highly  refringeat  suhstancu  which  are  embedded  io 
the  protoplasm.  Moal  of  these  coucretions  are  of  minute 
size,  with  n  tendency  to  a  renifortn  shnpc.  Two  much  larger 
concretions  are  seen,  the  larger  of  which  measured  the  rfr*'' 
inch  in  Irngtb.  The  substance  of  which  these  concretions 
arc  formed  was  not  determined.  It  resists  the  action  of  dilute 
acetic  acid  and  of  dilute  caustic  potash,  but  is  dissolved  by 
btroiig  hyiltocliloric  acid. 

In  fig.  8  one  of  these  concretions  is  represented  from 
another  specimen  isolated. 

The  nucleut. — A  single  nucleus  (n),  of  large  size,  mensnring 
T.iath  inch  in  longest  diameter  is  present,  it  has  an  irregular 
block-like  form  and  a  very  obvious  and  dt-liuite  structure. 
It  is  enclosed  in  a  well-differentiated  membrane,  which  can 
htt  H-paruled  from  it  by  the  arttoii  of  reagents  (lig.  5).  Its 
subttance  a|tprarB  to  he  built  up  by  a  numlter  of  minute, 
closely-sei  granules,  which  are  angular  and  sot  side  by  side 
in  a  cementing  substance.  There  is  no  specialised  nucleolus, 
Dur  are  nucleolar  fibrillic  to  be  observed. 

Food  maUars. — Dcsidcs  the  concretions  and  the  nucleus 
the  protoplasm  coiilains  a  ({uantity  of  fuud  <\i\>t\&{ff),  con- 
sisting of  a  frustule  uf  ihe  Diatom  Navicula,  and  the  carapace 
of  a  Itotifrr  and  other  matters. 

Contractu*  uiruolir. — The  centre  of  the  disc  is  occupied  by 
a  very  large  vacuole  (rr),  containing  a  clear  liquid,  and 
hiving,  botn  above  and  below,  excessively  thin  walls.  The 
vacuole  measures  -j-Jntb  inch  in  diameter.  Continued  ob- 
•enralion  showed  this  vacuole  to  be  contractile,  and  that  its 
contenta  are  diachurged  iieriudicaUy  to  the  exterior. 

Vacuolar  tlructure  of  the  protoplatm. — In  focussing  the 
upper  wall  of  the  vacuole  I  lirst  became  aware  of  the  ex- 
osssively  lint  reticulate  or  vscunUr  structure  which  charac- 
terises llie  protoplasm  of  the  whole  body.  This  differentiation 
of  the  protoplasm  can  be  delected  all  round  the  margin  of 
the  disc  also,  and,  in  fact,  wherever  the  protoplasm  ia 
•ufficientljr  free  from  concretions  ur  food  mutter  to  allow  of 
proper  illuminalitin  and  inspection.  This  vacuolar  structure, 
as  seen  under  a  No.  10  immersioTi  objective  after  treatment 
of  a  sprcimen  of  Ijtbamceba  with  osmic  acid,  followed  bjr 
piaro-Mnnioe,  \»  repreacntcd  in  fig.  4. 
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The  staining  with  picro-carmine  did  not  affecl  the  eoi)CK>~ 
tloMS,  but  was  taken  very  stronjjly  by  the  whole  conienu  tif 
the  nuclear  cyst. 

7%e  cuticle. — Iodine  was  applied  to  one  specimen,  in  otdo 
to  ascertain  the  presencu  or  absence  of  starch.  No  starch 
was  found,  but  the  iodine  brought  out  a  very  reraarkahlu 
structure  on  the  surface  of  (he  organiMm,  which  certainly 
must  he  hfhl  to  indicate  ttie  existence  of  a  cuticuiar  pellicle. 
The  structure  in  question  consisted  of  exceedingly  fine 
granules  (fig.  7),  which,  when  a  portion  of  the  martfUL  '" 
the  body  whs  focussed,  so  as  to  give  an  optical  sectioii| 
the  appearance  represented  in  fig.  ti.  The  irgiilarl 
like  form  of  Lithatmrba  and  the  jieculiar  ckaractwr  i 
hernia-like  pseudopodia  are  quite  in  accordance  witlj 
existence  of  a  eulicular  pellicle,  which  must  be 
from  thu  punctate  structure  rendered  evident  by  iq| 
The  cuticle  of  Lithantceba  is  not  a  highly-devrlopeil 
like  those  of  Ampkizonetla,  or  of  AmphUrema,  which  ] 
portions  of  the  body  unprotected,  whence  the  naked  L 
pUsm  can  be  extruded,  but  it  is  of  a  delicate  and  4 
ruptured  consistency,  bursting,  as  it  were,  soraetimvt  i 
point,  sometimes  at  another,  in  order  to  allow  the] 
tainetl  protoplasm  nakedly  to  expose  itself  in  a  bornuj 
excrescence,  

Pamdopodia.—Tiie  hernia  like  pseudopodia  of  the  ttmeir 
specimen  as  that  drawn  in  fig.  1  are  seen  in  fig.  2,  the  or- 
ganism being  represented  in  a  state  of  activity.  The  extrusion 
of  these  masses  seems  to  begin  with  a  minute  rupture  of  the 
cuticle.  Through  the  orifice  thus  produced  the  fluid  pro- 
toplasm exudes  in  a  spherical  furm,  and  as  it  increases  in 
quantity  the  rupture  of  the  cuticle  is  increased,  whilst  con- 
cretions from  the  more  central  portion  of  the  discliko  body 
flow  into  the  enlarging  lobe.  With  great  rapidity  the  whola 
extrusion  now  appears  to  fuse  once  more  with  the  disc,  and 
a  new  rupture  and  extrusion  takes  place  at  another  point  of 
the  margin.  A  new  cuticuiar  pellicle  must  be  foiuied  very 
rapidly  on  the  surface  of  the  hernia-like  extrusions  of 
protoplasm. 

I  did  not  observe  in  lAlhamieha  any  filamentous  or 
elongated  pseudopodia,  such  as  arc  known  to  accompanr 
|iernia>like  pseudopodia  in  Pelomyxa. 

Contractions  of  ihe  rnrMo/<-.— During  the  movementa  of 
the  specimen  (fig.  1,  fig.  Si)  the  huge  central  vacuole  wu 
aeen  to  burst  and  discbarge  a  portion  of  its  conlentM  to  (he 
exterior  bat  ii  Au\  not  .'iiiirrU  r'.ilUjwe,  Its  walls  fell 
together  in  -t!  '  ■  mvo  smaller  vacuoloa. 
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together  of  less  capacity  than  the  first  vacuole.  Thflse 
slowly  iiicreaseil  in  size,  an<l  after  a  time  fused  together  to 
form  one  large  vacuole,  precisely  like  that  from  which  they 
were  derived. 

Lilhamieba  dianu  is  thus  seen,  to  be  a  uniuucleate  form 
with  coutractile  vncuolc.  In  the  vacuolar  differeutiatioD 
of  ita  proto[ilaam,  its  concretions,  and  hernia-like  pseudo- 
podia,  it  presents  affinity  with  the  multinucleate  relomyxa, 
which  has  crystalline  bodies  iti  place  of  concretions,  and  no 
CDUtiactile  vacuole. 

In  the  structure  of  its  nucleus  and  delicate  cuticle 
Lithamaha  is  unlike  any  other  form,  whilst  the  combination 
of  characters  which  it  presents  entitles  It  to  a  very  distinct 
poKitiim  amongst  the  Ama.'boid  Gymnoroyxa. 

The  concretions  appear  to  be,  very  probably,  only  a  larger 
form  of  the  refringent  granules  which  are  present  in  great 
quantity  in  the  protoplasm  of  the  common  large  AmtsbH). 


On   tha   Stbcotcrk   of  the  Vbktbbrate  Sperm atozoon. 
By  Hb>eaoe  Gibdes,  M.B.     (With  Plate  XXIV.) 

In  making  an  exaniinaliou  into  the  structure  of  the 
spermatozoa  of  Vertebrate  animaU  ihose  of  the  Amphibia, 
such  as  the  Triton  rrisUtttit  aid  Salnmandra  maculaln,  from 
their  Urge  sixc,  afford  the  best  examples.  Taking  then  the 
living  fpermatoznon  of  either  of  these  animals  in  the  fresh 
condition  just  removed  from  the  body  we  find  the  following 
■ppearanceB,  shown  in  figs,  1  and  S,  of  Salatnandra  macuiala, 
uul  fig.  S,  of  Trilon  crittuUu. 

Pig.  T  was  drawn  from  a  specimen  of  Salatnandra 
mactiiaia,  mounted  in  a  \  per  cent.  aoIutioQ  of  sodium 
chlorate.  ' 

Fig.  2,  also  in  the  same  solution,  under  a  lower  power. 

Fig.  8,  spt-rmnlozoon  of  Triton  rritlatui,  had  been  placed 
in  a  Moliition  of  chromate  of  ammonium  and  then  mounted 
in  Blyrerin. 

From  these  illnsirattons  it  will  be  Keen  that  theapermato* 
aooo  consiala  of  (a)  a  loHg-poitUcJ  head,  at  the  base  of  which 
is  (i)  an  wBiptieal  atmcture  joining  the  head  to  (c)  a  lonK 
filifurm  body ;  {d)  a  fine  filamcnty  much  lonscr  than  the 
body,  ia   connected   with    this  latter  by  (e)  a  homogeneous 
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The  head  aa  it  appears  in  the  fresh  specimen  has  a  different 
refraclive  power  to  the  rest  of  the  organism,  and  with  a 
high  power  appears  to  be  a  light  (^reen  colour  ;  there  is  also 
a  central  line  runniDg  up  it,  from  which  it  appears  to  be 
hollow. 

The  elliptical  structure  at  the  base  of  the  head  connects 
it  with  the  long  thread-like  body,  and  the  tilameut  seeme  to 
spring  from  it. 

Whilst  the  spermatozoon  is  living  this  filament  is  in  (!on- 
stant  motion;  at  first  this  is  so  quick  that  it  is  difficult  to 
see  it,  but  as  its  viialitf  becomes  impaired  the  motion  gets 
slower,  and  it  is  then  easily  perceived  to  be  a  continuous 
waving  from  side  to  side. 

When  the  connecting  membrane  is  thrown  into  folds  a; 
the  motion  gets  slower  it  is  readily  seen  with  a  high  power, 
but  it  is  only  visible  in  the  fresh  specimen,  and  disappears 
entirely  on  the  applicHtiou  of  glycerin. 

Tbis  moving  filament  forms  a  most  beautiful  object  under 
a  moderately  high  power;  it  can  be  seen  with  Crouch's  ■f 
or  Zeiss'  D,  but  with  Powell  and  Lealand's  }  immersion  on 
the  new  formula,  it  is  seen  to  perfection. 

The  constant  wavy  motion  gives  one  the  idea  that  a  Sne 
thread  is  being  constantly  poured  out  from  the  base  of  the 
head,  and  it  is  difficult  at  6rst  to  realise  what  the  motion  is. 

After  a  large  number  of  experimenls  with  rea<fents,  I 
found  that  after  placing  the  spermatozoon  in  a  5  per  cent, 
solution  of  chromate  of  ammonium  the  body  and  filament 
can  be  stained  with  one  reagent,  while  the  head  would  take 
another.  This  is  best  shown  by  staining  the  spermatozoon 
first  deeply  with  htematoxylin,  when  it  will  be  found  that 
the  body  and  filament  show  the  colour  well,  but  the  head 
scarcely  at  all,  and  staining  it  then  in  a  weak  solution  of 
aniline  blue ;  if  it  be  not  left  in  this  fluid  too  long  the  head 
will  be  found  a  bright  blue,  while  the  body  and  filament 
remain  coloured  with  the  htematoxylin. 

I  have  always  found  that  thr  BLtiPTiCAL  structdkb 
uniting  the  head  and  body  remained  of  the  same  coloux 

AS    THE    BODY    AND    FILAMENT.       It  is  a    difficult  thing    tO   do 

this  double  staining  well,  since  a  slight  mistake  in  the  time 
of  immersion  or  in  the  strength  of  the  solution  alters  the 
result  of  the  whole  experiment,  and  although  1  have  had 
numberless  failures,  I  have  succeeded  in  so  many  instances 
that  1  am  confident  the  substance  of  which  the  head  i$  com- 
posed shows  a  different  chemical  reaction  to  the  rest  of  tk* 
organism. 

Wiib  regard  to  the  existence  of  a  homogeneous  membrsnt 
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connecting  the  fiUmont  to  the  body,  this  membrane  «t 
first  Beemed  doubtful,  and  the  filnment  sppcored  to  be  tin- 
connected  with  the  bod)  ;  but  with  a  high  jioweT  the  mem- 
brane  can  be  recognised  in  the  fresh  oihle,  and  it  will 
invariably  be  found  that  when  the  Epcrmatozoou  is  curved, 
IB  it  frequently  ts.  and  often  lying  in  a  double  curve,  the 
filament  will  always  be  found  placed  at  a  certain  distance 
from  theconvexity  of  each  curve;  this  distance  varies  u  little 
in  individual  cases. 

If,  while  examining  a  specimen  in  salt  solution  or  distilled 
water,  gentle  pressure  with  the  point  of  a  needle  be  applied 
to  the  cover-glasn  so  as  to  cause  a  slight  vibration  in  the  fluid, 
the  filament  will  be  seen  to  move  to  and  fro  but  can  never 
be  forced  further  from  the  body  than  its  natural  distance, 
unless  it  has  in  any  way  been  subjected  to  suflicient  force  to 
rupture  the  membrane,  in  which  case  it  may  he  seen  lying 
quite  away  from  the  organism  to  which  it  belongs.  This 
seldom  happens,  and  never  when  the  experiment  is  care- 
fully  done.  This  would  not  be  the  case  if  the  filament 
were  free. 

In  the  spermatoKoa  of  Triton  eristatui  and  also  Salaman- 
dra  maculata,  prepared  wilh  a  5  part,  solution  of  chromate 
of  ammonium,  and  stained  in  picru-carmine.  this  membrane 
is  not  easily  seen,  and  the  tilament  appears  as  if  free  of 
the  body,  and  twisted  more  or  less  like  a  spiral  round  the 
tatter. 

This  appearance  was  originally  described  by  Dr.  Kleia 
in  this  Jvuroal,  and  its  more  minute  examination  waa 
the  primary  objt-cl  of  my  inquiry,  which  I  earned  on 
under  his  direction.  Leydig  (' Letirbuch  der  Histologic') 
describes  and  figures  (p.  40S)  (he  spermalozoga  of  Salamnn- 
drinn  as  if  possessed  of  a  narrow  undulating  ipvmbrana 
nliaehed  lo  iia  body. 

1  next  proceeded  to  examine  some  of  the  Mammalian 
spermalusoK  to  see  if  they  possessed  the  filament  just  de- 
acribed,  and  lu  every  instance  I  have  found  it.  I  have 
•xamined  speimatnzoa  of  borse,  dog,  bull,  cat,  rabbit,  and 
gaiuea-pig,  and  in  every  case  the  above  filament  was  found 
to  exist. 

The  stniclurt^  of  the  apermatoxoon,  as  is  well  known,  in  in 
these  isstances  sligbtl)  ditTurent  from  that  of  the  sperma- 
loxoon  of  Amphibian  animals.  The  long-pointed  iieud  ib 
wanting,  and  the  long  fiUnient  dors  not  seem  to  extend  so 
far  ■•  in  th«  Amphibia,  hut  ibe  Mammalian  spermatozoon 
being  to  very  mnch  smaller  it  is  very  difficult  to  make  out 
rtia  fiUtDcnt  in  its  whule  extent.     I  have  aeen  it  best  in  the 
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BpermatOEoon  of  the  horse,  as  shown  in  Fig.  ' 
of  the  guinea-pig.  Fig,  5. 

In    these    B|K'rintttozoa    there    is   an   intermeiliiild 
between    the    heail  and    tail,   and  on    it   the  lilamea| 
seen  plainly,  hut  beyond  this  it  is  very  indistinct. 

In  Reptilin  I  have  only  as  yet  exnminrd  the  spcmiiitc 
of  the  green  lizunl  and  slow  worm,  and  ia  both  of  thi 
have  found  the  filament,  but  very  indistinct,  and  requi 
high  magnifying  power. 

The  speramaiozoon  of  Lacerta  cirtdis  in  the  fresh  staU 
a  very  peculiar  Rp]>enrHnce.    The  part   corresponding  ti 
elliptical  body  in  the  Amphibia  is  enveloped  in  a  gelati 
mass  somewhat    resembling  a  leucocyte;   it  keeps  ia  1 
stnnt  motion   forn  long  time,  and  it  is  almost  impossibll 
see  any  other  part  of  it  until  it  loeys  tis  vitidity;  ihe  grU- 
tinous  mass  keeps  changing  its  shape  as  it  moves  wiib  a 
quitk  jerky  motion. 

After  a   number  of  pxporiments  in   staining  the  spt 
toioa  of   Mammals  with    several  dyes,  I   found  it 
impossible  to  obtain  any  such  definite  results  as  in  the  I 
of  the  larger  spermatozoa  of  the  Amphibia,  and  it  occuf 
to  me  to  try  to  attain  the  same  result,  viz.  to  show  diffen 
in  ohemical  constitution  of  the  different  parts  of  the  spd 
tozi>on,  by  observing  the  effect  produced  by  different  acids  J 
alkalies  of  varying  strengths. 

I  obtained  the  most  striking  result  with  a  solutioa  of 
chloride  of  todium,  varying  from  J  to  5  ncr  cent ;  with  this 
reagent  i  f<nind  that  the  huad  gradually  dissulved  away, 
together  with  the  membrane  connecting  the  filament  to  the 
body. 

In  Figs.  6,  7,  8,  and  9  the  effect  of  the  chloride  of  Budiun 
is  shown 

Taking  a  solution  of  }  per  cent,  strength  at  the  end  of 
tweniv-four  hours,  the  head  will  be  found  iu  different  stage* 
of  disintegration  i  some  heads  are  not  affected  in  lb«  least, 
olhers  arc  paTtially  dinsolved,  while  still  others  have  become 
BO  faint  as  scarcely  to  be  di.sceiued.  After  another  twenty- 
four  hours,  quite  one  half  of  the  head  will  have  altogether 
disappeared,  but  at  the  same  time  some  heads  will  remain 
almost  untouched. 

The  same  rtsult  may  be  arrived  at  in  a  much  shorter  tin« 
by  usiug  a  stronger  solution. 

It  will  be  seen,  by  referring  to  Figs.  7  and  8,  that 
the  elliptical  structure,  ihc  long  filameat,  and  the  body, 
remain  intact. 

In  the  spcrmatoioou  of  L.  viridU,  thv  gelatinous  intMS 
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enrelopitig  the  bead  becomes  also  dissolved.  In  the  guinea- 
pig  the  large  flat  head  disappears,  and  that  part  only  re- 
mains which  is  seen  as  a  dark  band  when  the  head  is  en 
profile,  as  in  c  and  d  in  Fig.  5. 

The  action  of  Sodai  Bicarb,  is  somewhat  different;  in 
about  foTty-eight  hours  the  head  becomes  transformed  into  a 
mass  of  minute  glohulesj  as  shown  in  Fig.  10,  and  after  a 
time  these  disappear. 

From  the  foregoing  experiments  I  am  justified  in  con- 
cluding— 

1st.  That  the  head  of  the  spermalozoon  is  enclosed  in  a 
sheath,  which  is  a  continuation  of  the  membrane  which 
surrounds  the  filament,  and  connects  it  to  the  body,  acting, 
in  fact,  the  pan  of  a  mesentery. 

2udly.  That  the  substance  of  i)ie  head  is  quite  distinct  in 
its  composition  from  the  elliptical  structure,  the  filament, 
and  the  long  body,  and  that  it  is  readily  acted  upon  by 
alkalies;  thpse  reagents  have  no  efTecl,  however,  on  the 
other  part  excepting  the  membranous  sheath. 

Srdly.  That  this  elliptical  structure  has  its  analogue  in  the 
Mammalian  spermatozoon  ;  in  the  one  case  the  head  is  drawn 
out  as  a  long  pointed  process,  in  the  other  it  is  of  a  globular 
form  and  surrounds  the  elliptical  structure. 

4lhlj.  That  the  motive  power  lies,  in  a  great  measure,  in 
the  filament  and  the  membrane  attaching  it  to  the  body. 

In  my  next  paper  I  propose  to  enter  into  the  structure  of 
Ihc  human  spermatozoon  and  that  of  some  of  the  in- 
vcrtehnia. 


NOTES  A^D  MEMOBASDA. 


Sew  Becord  of  ZoologLeel  Literature. — 'We  would  caII  iti« 
attention  of  naturalists  to  the  following  nolice.  "  The  Zooliv 
gical  Station  at  Naples  has  undertaken  the  publication  of  a 
new  '  Zoological  Record,'  in  which  equal  atieniion  will  be 
paid  to  all  departnnenls  of  zoology.  A  large  staff  of  zoologists 
of  various  nationalities  will  act  as  recorders  under  the  editor- 
ship of  Professor  J,  V,  Carus,  of  Leipzig;  and  the  fir«t 
Tolume,  dealing  with  the  literature  of  the  current  year,  will 
appear  in  1880.  All  those  engaged  in  zoological  work  on 
any  group  of  the  animal  kingdom,  are  invited  to  send  copies 
of  their  papers  to  Professor  J.  V.  Carus,  Leipzig,  QuerstrasM 
80,  and  to  write  on  the  address  "  For  the  Jahreshericht." 
Papers  so  sent  will  be  distriliuted  by  Professor  Carus  amongst 
the  recorders,  and  after  being  abstracted  for  the  '  Record,'  will 
he  di>]iositcd  \n  thf  Library  of  the  Zoological  ytaliou  at 
Naples. — Anton  Uohbn." 

Mr.  Bolton's  Agency  for  the  Supply  of  Hicroscopic  Or- 
ganisms.— Mr.  Bolton,  of  17,  Ann  Street,  Birmingham,  has 
supplied  to  me  once  a  week  by  post,  during  the  past  year,  a 
tube  containing  in  a  living  state  new  or  interesting  forms  of 
Protozoa,  Entomostraca,  Rotifera,  &c.  Every  naturalist 
within  a  day's  post  of  Birmingham  should  subscribe  a 
guinea  to  Mr.  Bolton's  agency,  and  ensure  the  weekly 
receipt  of  one  of  his  most  interesting  tubes.  Mr.  Bolton 
has  sent  out  during  the  past  ytar  most  of  the  more  impor- 
tant forms  of  Rotifera,  such  as  Hydatina  senta,  Lactnularia 
socialis,  Conochilut  vohox,  Melicerta  and  (Ecistes,  Stepha- 
noceras  and  Floscularta,  &c.  One  form  sent  by  bim,  viz.  the 
Rkinops  vitrea,  of  Dr.  Hudson,  is  especially  worthy  of 
mention.  Large  Amcehsc  and  the  commoner  Ciliate  Infusoria 
have  been  supplied  by  Mr.  Bolton  in  abundance.  Amongst 
rarer  Ciliata  supplied  by  him  we  may  mention  Trachehtu 
id  Zoolhamnium  arbuacula.  The  work  which  Mr. 
lolton  is  doing  is  not,  however,  limited  to  the  distribution 
forms  already  known ;  he  has  made  some  important  addi- 
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the  British  Fauna,  fot  which  he  deserves  the  wannest 
iupport  and  encouragement  of  zoologists.  About  thres 
months  ago  I  received  from  him  a  tube  containing  speci- 
mens of  an  Eutomostracon  which  he  was  unable  to  identify, 
rightly  considering  it  new  to  this  country.  The  form  proved 
to  be  the  beautiful  Lepiodora  hyalina  of  hiUiehoTg.  A  few 
days  later  another  tube  was  sent  by  him,  containing  a 
species  which  I  identified  as  the  Hyaloiiaphnia  Kahtber- 
ijeniit  of  Schodler.  Thean  two  very  fine  Entomualraca  were 
obtained  by  Mr.  Bolton  from  a  deep  reservoir  at  Olton. 
Besides  these  1  have  to  thank  Mr.  Bolton  for  the  new  Pro- 
tozoon  Lilhamttba  discus,  described  in  the  present  number 
of  the  Journal.  Last  aulumn,  from  the  same  source,  I 
received  an  abundant  supply  of  one  of  those  very  interesting 
■piculate  Ueliozon,  which  my  colleague,  Mr.  Archer,  of 
Dublin,  was  the  first  to  miike  known  to  zoologists.  The 
specimens  forwarded  by  Mr.  Bolton  proved  to  be  the  Raphi- 
diophryi  pallida,  a  species  named  hy  Prof.  F,  Eilhard 
Sehnlze,  and  assigned  by  him  to  Archer^s  genus. 

Mr.  Bolton  has  also  during  the  year  supplied  me  with 
the  finest  Bpccimens  of  Hydra  fusca  which  I  have  seen, 
with  V'ohox,  Uroglena,  and  other  similar  forms.  A  fevr 
marine  organisms  have  been  distributed  by  hitn,  namely, 
the  interesting  disc-like  larvec  of  the  Poljzoon  Alcyonidium, 
ftsd  the  delicate  poljp  Lucemaria  auricula. — £.  Oat 
SlllWIIBaTBR. 
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EXPLANATION  or  PLATK  II. 
Skkiks  1).— Sectitint  cliomn  m  inlnrvkli  from  %  cumpldla  •Vtlj 

1 1  cti)  ■hill  III:  J,  and  tbe  termiuaitgn  ut  lli«  UiiUtriiin  duct.    Zein,  e,M 
(roduccd  one-iliird). 

hua.  1  Nad  i. — Sections  lliroagli  llio  peraUtmit  knlvrior  opcni 
linad-kidncj  (abdomioiil  o))eiitiitt  01  MUlloritu  duct).  The  spprow 
Wolffian  iluol  to  Iho  grauve  iiin<r  be  scoo  bj  ■  conipariMD  of  t 
llgiireB.  In  tlie  seotiuuii  in  Trunt  or  tlieie  (not  Qgurcd)  llin  two  a 
more  vidcljr  separated  tlian  in  No.  I. 

_  No.  3,— SuGliuu  tlirough  llm  UuUerian  duot,  jukI  posterior  to  tl 
si»tciiL  ujitiiiiuK- 

Nos.  4  aiiiTG,— Remains  or  tbe  ridges,  wbii^h  st  an  earlier  stM 
lifOted  tlic  llrst  and  srooiid  (^movea,  arc  »r.m  pasiiiDg  FTom  Ibe  US 
duct  tn  tlie  periLunuiil  epithelium.  > 

No.  (i. — KuiiiniFul  ot  lliu  sruund  ^rooTe  (ffr^.)  ut  llie  hrnd^kidnq 

Belwecn  li  and  7  is  a  eoniid^able  lulerval.  \ 

No.  7- — All  Iracos  of  tliin)(rooT«(^r,.i  Imve  Ttutishcd,  and  tLoHI|| 
duet  it  quite  disconnected  frarii  ibe  i-pitbHliuin. 

No,  S. — Itudimcnl  of  tiio  third  groom  (yri.). 

No.  9, — Miillorinn   duot  quite  Triic  in  Ibi:  spaoe  belveei 
cpitliclium  and  [lie  \^'otUluD  duct,  iu  wliicli  ooodition  it  exlvoda  u 
iu  terminal  Ion. 

Bcitweea  Nog.  9  and  10  is  an  iiit.orvkl  of  e\fi\tt  srctions. 

No.  10,^1'lie  pen  ultimate  icolinD,  in  irhich  ibo  MtkUorJMi  diMl  8 
A  lumoii  cannot  bo  clcarl;  made  out.  J 

No.  II- — The  Imt  section  in  «]iich  an;  trace  ot  llie  Hiillerian  ■ 
visible.     No  line  of  deuiaroation  can  be  aeen  su|mrttinE  tiia  soUil  • 
Uiillcrian  duol  from  the  ventral  wall  or  tlio  Wuiniaii  duot. 

Fiat.  K.  and  K.— Sections  ihroiiKh  tbe  glomemlusof  th«  h 
from  au  embrjo  prior  to  tlie  appearance  of  tlio  bead  kida^. 
onul.  i.     A  cnmpariaon  of  the  t*o  figures  sliows  llmvariattim  m  t 
iiess  or  the  stalk  of  tlie  glomerulus.     K, — Section  anterior  la  th*  (a3 
Mnlpigliian  biiilj.     ¥. — Sreiion  tlirougli  bntli  tliu  glomerulus  of  tbH 
kidne<r  and  tUat  of  a  Maliiigliinn  budj.     1'lie  two  are  seen  tu  ba  ooiof 

Skhies  H. — ConatculiVE  eeutioni  ihrougb  llie  bind  end  oTUia  UU 
duel,  from  an  embrjo  in  wliinli  the  hBad-kidncj  wa*  only  reprsMnr  ■' 
rudiment,     (Tbe  embryo  whs,  |)erpliBp4,  Turjr  slightly  older  tbaa  ll. 
whicb  Scries  D  was  taken.)    'iirm,  o,  ncul.  3  (rcduceii  one  third). 

No.  1.— Mullchan  duct  la  without  a  lumen,  and  quite  distttiot  R 
Wolffian  wall. 

Nn,  3. — Tbe  solid  end  of  the  Miillerian  duol  a  no  longer  dlalli 
the  inienial  wull  of  the  Wolffian  dnet. 

No.  3, — All  trace  i>r  tho  Mtklkrian  duct  has  Tanished. 

Sebikr  1. — .Sections  Ihrongli  thn  hinder  end  of  tlie  MAIlarUii  diM 
au  embryo  of  about  Uie  middle  ot  the  siitb  day.  Kriss,  c,  ooul.  3  (n 
one  third). 

No.  ].— Tbe  Miillerisn  duol  is  distinct  and  small. 

No.  3.— Is  posterior  by  twulve  seoliuus  It  No.  1.  Tbe  HiUloT 
ia  ilUnlcd,  and  its  oolU  are  tacu'italed. 

No.  3.— Feoultimaie  srcti.io,  in  which  the  MiHloriao  duot  ia  vl 
la  aeparated  by  thrre  soctimiit  fr<>ni  Nn,  t. 

No.  i. — Ijasi  station  in  which  auy  trace  of  the  Mulleriandnst  uH^ 
till  lumru,  which  was  visible  in  the  prvriuus  section,  j*  now  abssnt.  1 

No.  5.— Nu  trace  of  Miiileiian  dnol.  No*.  3.  4.  ami  &,  tn  » 
tL-ctiuu*. 

Fio.  K.— i^liTin  through  Iht  hind  rnd  of  iW  abdnminni 
Uidlnrian  d<ici  of  a  eliick  of  Mi  houcs.    Zeisa,  i:.  ooil.  i  (reduc 
tliiril).  It  illut train  the  peculiar  ounloMineclipg  tbe  Uilllem 
duota. 
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'  EXPLANATION  OP  PLATES  III,  IV,  8c  V, 

Illustrating  Mr.  Henry  B.  Brady's  "Notes  on  some  of  lli« 
Ueticularinn  llhiEopoita  of  the  'Challeuger'  E^iiedicioa." 

PLATE  m. 

Fins.  1,  9. — Ptlotina  cariahilii,  n.  sp.     Ma^iScd  0  diantetert. 

Fi«.  H. — Sretion  of  Uic  aninc  slioving  llic  tbickiieat  anil  tctiurc  uf  the 
tEit.     >4  9  diam. 

Fig.  i.—Peloii»a  roliut,.ala,  n.  sp.     X  30  ilism, 

Fti>.  5. — TransverM  ■ection  at  llie  nme  sliowiii^  lite  interior  Hud  tb« 
tliioknew  «tiil  texture  of  iLe  leal,     x  15  diftin. 

Fies.  6,  7, — dii^irmonfUii  leaira,  nuv.      X  14  diam. 

FlQ,  i.—Martif^la  graitulota,  n.  tp.      x  13  di«m. 

Fie.  9. — iSjMcinieii  of  the  snmR  species  Inid  oiicn  longitudinally  to  tliow 
the  interior  ud  the  texture  oF  tUu  lest.      X  U  aiam. 

Fig.  10. — Rhabdammi»a  liimaru,  n.  sp.      X  20  dism. 

Fir..  1 1 . — Tlie  same  laid  open  lonsitudioallj.     x  iO  diam. 

FiG  13.— JaeuMU  acuta,  qot.     X  9  diam. 

Fic.  13. — The  aame  laid  open ;  speotmen  tliglit);  broken  at  the  endt  in 
grinding.     X  9  diam, 

Fios.  14,  Is. — Ujpemmmiiia  mmota,  D.  sp.      X  II)  diam. 

PLATF,  IV. 

Fio.  \.—Pt<mimatphimi/uKo,  F.  E.  SclmUe.    Ha^niGed  40  dismeten. 

Flo.  9  — Tho  eame ;  tp^cioicn  built  ou  a  sponge  spicule,  laid  open  ao  as 
to  »liow  the  latarinr.     x  W  diun. 

Fro.  %.—Stt)pkat  liigtugi/iirmit,  n.  »p.      X  50  diam. 

Fig.  i. — BtrmotlKa  globuti/efit,  n.  ap.  Specimen  arretted  in  eranlh 
•Tier  the  farmatiita  of  a  *iii};le  lir^e  ckamber.      x  !0  diaiii. 

Fio.  E. — The  Mine:  *»•'  l""  cbambere.  Large  apcduicua  with  four  or 
live  acfpncnM  are  not  uooutimion.      X  id  liiam. 

FlO.  n,— fforpoiinfl  ovietU,  n.  >p.      X  M  di»m. 

Fio.  7. — Rx^kat  aodntata,  a.  tp.      X  1^  diam. 

Fio,  g. — The  tame  Inid  open  to  ahow  the  interior  itructuro.     x  13  diam. 

Fill   'i.—Rtofiar  itnbranaeea,  n.  sp.      X  *0  diam. 

FiQs   10,  \\.—Rtopkai  ipicnii/tra,  n.  ap.     X  40  diam. 

Fioa.  \i,  13. — Jitroriita  eaUimta.  Nomian.     x  86  diam. 

Fio.  W.—.i^rorhisa  eorHuta,  a.  ap.     X  SO  diam. 

I.  16.— The  »ame.      x  15  diom.  

Jd. — Riaammiiia  atga^vtmit   mi.     Naluml  ii«e. 
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DESCRIPTION  OP  PLATE  VI, 

ting  Professor  Butscbli's  "Researches  on  Flagellate 
lufUBoria  aud  Allied  Organisms." 

lot  the  QgVKB,  ■  indintes  nucleus,  r  contrnctilc  vacualr,  nnd 

•Sptmitla  lermo  fEhrb.').  Clark. 

■  to  0,  Ml  iuJividiuJ  in  different  tlages  of  (lie  iogetliou  of 
food. 
'a  lemo,  in  Gtc  lucccssivc  ilngca  of  Irkusvene  dirisiou. 
a  trmueala,  FrcKnius. 
a  oekraeea,  Ebrb. 
1.  two  iDditiduaJs  »cen  from  tlie  flat  side,  Ibe  flkgellom  not 
jUiulv  otuerred  and  Iticrtforo  uut  dnirn. 
in  iudiTiduai  Men  from  tbe  uarrow  side, 
■•^•irtllat^-liko  orgsnism  from  tlic  aliiacnUir  cual  of  a  free* 
"-'old  (Tnlobui pfltucidM,  Bast,). 

B,  ■  Urge  number  of  indiTiduals  slicking  togctiicr  bj  their 

b,  a  single  ituliridusl. 


b,  aa  indiriduti  ii 
iUte^  iotrylii  (Ebrb  ),  Frcsoniui. 
a,  ■  ccdonj. 
b^  a  tingle  indiTidual. 

t,  a  aingle  Wividusl  vitb  iti  collar  eipsnded. 
d,  Ibn  same  with  ita  oullar  cuDlracted. 
9,  an  individual  citarDillj  bnel  with  Cacteria. 
WfiMfota  snteUu.  Clark  (?). 
W/u^aea  ampiaridiutn,  Clark  (?>. 
■  Clarkii,  n.  *p. 
1-Uke  organism  (ire  p.  TG;. 
I  UetuMt.  Clark  (f). 

It  aaimil,  an 
ted  sute. 
I,  as  indifiduBl. 
d,  tbc  tame  turned  balfroand. 
^Dimiirjioa  leHulario,  Khrb. 
a.  a  colon;. 
\  a  eup  oontaininjt  two  animals  resulting  from  diftsion.  ( 

wliioti  Uie  anlenoi  will  toimedialelj  secrete  a  new  cup. 
cacfst. 


DESCRIPTION  OF  PLATE  discontinued. 

Fig.  14. — Trfpomoaai  a^Uii,  DujtriliD. 

B,  an  iniiitidual  seeu  from  ia  froat  in  tbe  direcUon  of  Ibc 
long  Mis. 

b,  an  lodividual  seen  rrom  llie  narrow  Bide. 

c,  BD  inditiduki  seen  from  the  bn»d  side.  The  arrows  indirttc 
tbe  direction  oF  the  protoplaam-circalutiou  wbicb  is,  but- 
ever,  ofteo  raTeraed. 

Fio.  15. — Uriamitui  inflalut,  Dujardio. 
FlQ.  lU. — Pframinonai  deiciisa,  Perty. 
FiO.  17. — Ckitanonat  faraneciam,  Ebrb. 

B,  lar(^  varict;  witb  two  ;e!!owiab- brown  pigment  platu. 

b,  hJniicr  end  of  the  same  wbca  turned  liaif  round  oa  ill  lia( 
axis,  90  u  to  show  tbe  sliglillj  scponited  margias  of  llit 
tiro  ptKmenl  plittes. 

c  to  e,  colourlcHs  variety  found  in  infusions. 

d  to  f.  tbree  stages  in  longiludiaal  fitsion. 

g,  au  individual  after  treatment  vilh  acetic  acid. 
Tio.  18.— ^ai« 'rMiaMow.  Ehtb.  , 

A,  an  iudiriausl. 

bi  anterior  end  of  an  individual  in  tbe  act  of  taking  food. 

HI,  Duiardin. 

u  from  the  bade  surface. 

b,  outline  of  ilie  body  aa  seen  from  tbe  narrow  tide. 

c,  anoilivr  individual  less  magiiified,  seen  from  lb«  back  sar- 
face. 

Fig.  30. — JHUonema  tulriUum,  Duj. 

B,  an  individual  seen  from  tbe  bncW-surface. 
I),  c,  d,  tbree  stages  of  longitudinal  liision. 

e,  I,  two  stages  of  fission  only  drawn  iti  outline  to  tliow  tlie 
nucleus  as  seen  in  an  acetic  aciil  preparation. 
Fig.  21. — Lophomnnai,  Stein. 

a,  b,  iMphomoiia)  Btattariini.  Slein. 

c,  li,  Laphomonas  siriala,  Biilscbli. 
Fio.  2-2.—  Utel/u  vireKce«i,  Elirb. 

a,  a  small  colony  ;  i,  a  Cblorogoniuni.likc  frequent  parasire 
of  lliese  colonies. 

b,  t,  individuals  coloured  by  carmine  so  as  to  sbow  iLe  nucleus 
dislincdy. 

d,  an  individual  in  the  act  of  fission. 

Fig.  23. —  Uroglena  ro/coi,  Ebrb.     A  group  of  five  individuals  taken  from 
I  colony,  amongst  I  hem  a  large  one. 
Fig  2t.— Unknown  flagellate  (see  p.  99). 

a,  Qagellalc  phase. 

b,  nuclearia-like  HLizopodous  phase. 

Fic.  25. — Flagellura-bearing  pec lUiar'rhizopod- like  organism  (see  p.  lO'H. 

a,  creeping  phase. 

b,  swimming  phase. 
Fig.  20. — Aateba  Blatta,  n.  sp. 

a,  a  medium-sised,  uninuclear,  very  clearly  fibrillated  speci- 

b,  nucleus  of  a  lai^  uninuclear  specimen;  it,oaseof  the  nucleus. 
0,  portion  of  a  similar  nucleus  with  a  peculiar  proloogation. 
d,  multinuclear  cyst  belongmg  to  this  speciea. 
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EXPLANATION  OF  PLATE  VII, 


Inttrating  Dr.  Klein's  "  Observations  on  the  Structure 
of  Cells  and  Nuclei," 


Fio.  1.— EpitheliomcOTeriiigtiieiurfaceorsTilliis.froinasGctioathroagb 
small  intestiae  of  pij;. 

Fig.  S.-^EpiUiebimi  lining  a  Lieberkiihu'a  crjpt  of  1arg«  inteatke  of  pig. 

Fig.  3. — Goblet  oelia  of  a  LieberkiUin's  erjpt  of  large  intestiae  of  pig ; 
a,  ts  viewed  from  tbe  surface;  i,  &s  riewed  from  tbe  aiae. 

Fid.  1.— Epithelinni  lining  tbe  tube  of  a  mncous  gland  of  toociic  of  dog. 

Fig.  5. — Pari  of  ft  tube  of  macons  Rland  of  epiglottis  of  s  child  -,  st  a, 
tbe  epithelial  cells  ue  in  state  of  secretion ;  at  A,  b  a  state  of  rest. 

Fio.  0. — EpithelioDi  lining  a  tabe  of  Bmimer's  gland  of  duodcnnm  of 
dog.    Tbe  epilbeliat  cells  after  prolonged  secretion. 

FiQ.  7. — Epttbelinm  of  Brunner's  guuid  of  dog  in  a  state  of  Becretioo. 

Fi&.  S. — Tne  same  epitbelinm  viewed  from  the  surface. 

FiQ.  9. — Part  of  a  lube  of  the  epididjmis  of  fuU-gfown  dog.  o,  ciliated 
epitbeliam ;  in  the  depth  is  seen  a  row  of  deeplj-stained  nuclei  belonging  to 
a  lavet  of  small  cells;  i,  nmsciilar  coat. 

Fio.  10. — Two  epitbelia!  cells  of  the  same  o^an  more  higlil;  magaified. 

Fia.  11. — Fart  of  a  longitudinal  section  of  the  tube  of  a  sweat-gland  of 
eai-lobe  of  pig.    a,  epitnelial   lining ;  6,  muscular   coat;  e,  membrana 

Flo.  13. — Section  through  tbe  tube  of  a  mucous  gland  of  pharjnz  of 
dog;  c,  mucous  cells  lining  the  lumenj  p,  parietal  eella.  The  details  of 
structure  of  the  individnar  cells  in  this  and  the  neit  Bg.  (13)  are  not 
curied  out ;  ihej  are  identical  with  those  shown  in  fig.  17. 

Fio.  13. — From  a  section  through  submaxillarj  gland  of  dog.  c,  mucous 
cells ;  p.  puietal  cells. 

Fig.  14  x. — Interatitial  epithelial  cells — so-called  plasma-cells — of  testis 
of  fuU-growD  cat. 

Fio.  14  b. — Same  elements  of  testis  of  gninea-pig. 

Fio,  IS  1.— Epithelial  ceils  lining  a  seminal  tube  of  testis  of  cat. 

Fig.  15  n. — Same  elements  of  testis  of  guinea-pig. 

Fia.  IS. — Part  of  sebaceous  gland  of  sKis  of  sbe«p.  a,  periplieral  epi- 
thelial cells ;  i,  central  ones. 

Fio.  17.^Part  of  the  tube  of  a  peptic  eland  of  dog.    The  tube  is  cat 
«lls ;  B,  parietal  cells. 

is  of  tUB  middle  lajers  of  epithelium  lining  the 

I  child.    Tbe  connection  of  the  network  of  conliguout  cells 
re  distinct. 

_.  1. 13  «. — Sane  elements  more  bighl;  magniGed,  bnt  oolj  the  nuclei 

■n  npreseoted  ia  detail. 

Fio.  10. — Epithelial  cells  of  the  retc  Malpigbii  of  skin  of  sheep. 

Fio.  SO.^Liter  crlls  of  guinea-pig. 

Fios.  1,  3,  and  10  drawn  with  Ilutnaek's  OcoL  II,  Obj.  Immersion  10. 
Flu.  14  A  ud  IS  B,  Ilartnack  HI,  10  Im.    The  other  liguna  a 
with  BntBMik'i  Ooal.  U,  2aiss'  Obj-  F. 
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EXPLANATION    OP  PLATES  IX,  X,  XI, 

lUnstrBting  Nikolas  Kleinenberg'B  paper  on  the  Develop- 
ment of  the  Earth-worm,  LumMcm  trapezoidei, 
Duges. 

Tbe  references  are  the  same  in  all  the  Glares. 
ai.  Aperture  of  the  segmentation  (xiitj.  ei.  Boccal  caritj.  et. 
General  bodj  cavity  or  cavit;  of  the  zoonites.  ed-  Digestive  cantj. 
cm.  TIic  large  primitite  oelLi  of  the  meBOdetm  {mesobluts).  torn. 
Commiasure  of  the  (esopbieeal  collar.  a.  Segmentation  cant;, 
nr.  Cord  uniting  the  twiaerobryoa,  or  its  single  cells.  i-c.  Ectodera. 
M.  Endoderm.  to.  £ctodennic  epithetium  of  the  mouth  and  of  Uu 
(BsophagDS.  ffc.  Cephalic  eaoelion.  lio.  Somatic  lamina,  ttf. 
Splanchnic  lamina.  a.  Muscle  plate.  met.  Mesoderm.  «. 
Ventral  nene-cotd.  pc.  Cephalic  genninal  streak.  pp.  Primi- 
tiiD  ventral  germinal  stre^.        >a.  Ventral  Autow. 

PLATE  U.. 
Fio.  1.— Segmented  egg,  seen  from  abOTe. 
Fto.  3.— Gemunal  bladder  formed  of  a  single  lajerof  cells.     The  Begmen- 

tation  cavitj  opens  eitemEtll;.    Figs.  1  and  2,  Zeiu'  objective  DD, 

ocular  3. 
Fio.  3, — Solid  germinal  sphere,  in  which  the  rudiment!  of  the  lajers  for  tbe 

first  embrjo  arc  viiiblc. 
Fia.  4. — A  rather  later  sta^,  in  nhich  the  formation  of  the  second  embrjo 

bai  begun.    Longitudinal  section. 
Fio.  6. — Longitudinal  section  of  a  more  dcTcloped  stage. 
Fio.  6, — TVin-embrjos.    The  one  on  the  right  hand  is  rather  the  more 

developed. 
Fio.  7. — Embrjos  nearer  the  period  of  sepsration. 
Fio.  S. — Longitudinal  section  of  a  double  embrjo,  in  profile. 
Fio.  9. — Longitudinal  horizontal  section  of  the  same. 
Fio.  10.— Advanced  embrjo  developing  the  second  embrjo  is  the  form  of 

abQd(X). 

N.B.  Figs.  2  to  10  represent  optical  sections. 
Fig  11a.— Transverse  section   of  the    posterior  end  of  a  vary  jouig 

Fio.  Hi.— From  the  tame  embrjo  more  in  front. 

Fia.  13.— Transverse  section  of  the  posterior  part  of  a  more  developed 

embrjo. 
Fio.  13.— Seotion  through  the  middle  of  the  bodj  of  a  mon  advuteed 

embrjo.   /.  Fisanre  in  the  mesoderm. 
Figs.  3  to  13.  Zeiss'  obj.  F,  ocnl.  1. 

Fio.  U.^Tbe  lower  part  of  a  section  of  the  anterior  extreuitj  of  a  msn 
developed  embrjo.    Obj.  DD,  ocal,  3. 
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JURATION  OF  PLATES  a,  X,  Xl-cMA«rf. 

PLATE  X. 
■vote  uetioB  of  the  bMd  end  of  k  *eij  joudj  cmbrjo, 
»  lame  of  tn  embrjo  O'S  mm.  io  length. 
tioD  unmediRtel;  behind  16«. 

ion  of  the  hekd  cad  of  ■  ntber  more  developed  embrjo. 
ion  of  the  head  end  of  tu  cmbrjo  0'23  mm,  in  length. 
.15  to  13.    Obj.  DD,  ocnl.  3. 

t,  tf.— SacceuiTB  sections  of  the  bead  of  an  embrjo  OS  mm. 

Obj.  DD,  ocuL  1. 
;.— Saooesire  sections  of  the  hesd  of  sji  embrjo  Oi  mm.  in 
Obj.  DD,  ocul.  3. 

!. — LoogitudiDil  horizontal  sections  of  the  head  end  of  an 
^6  mm.  in  leaeth,  going  from  the  ventral  to  the  donal  face, 
fth,  b  the  lixtb,  e  the  ninth,  and  t  the  tenth  of  the  series. 

ocnl.  1. 

fiiiidiiialetrlical  (tagittal)  section  throogh  the  middle  of  tbe 
•rt  of  an  embrjo  088  mm.  in  length.    Obj.  DD,  ocul.  3. 
lerior  portion  of  a  Ic 
a  0'6  mm.  in  length. 
tical  seelion  ii 

ia  length.    01 


e. — Three  mccenive  sectiona  throa^h  the  poaterior  part  of 

lUarj  plate  of  an  embrjo  3'0  mm.  in  lengtli,  going  fnm 

irwtrds. 

r.— Sncoesaive  sections  in  the  same  direction,  from  tbe  an* 

rt  of  the  same  embrjo. 

«,  d,  t. — SooeeasiTe  sections  in  the  same  direction,  from  u 

4  i'5  mm.  is  length.  All  the  figurea  in  this  plate  were  drawn 

DD.  ocoL  3.  Zeus. 
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DESCRIPTIOX  OF  PLATE  XH, 


Surgeon  T.  K.  lewis's  paper  ou  *'  The  Nemt- 
toid  Hjem«to«»  of  Man/'  Figs.  1 — 13.  The   mature    i 
fUaria  taftguuiu-homiNu,  ^  and    ?  ,  vnd  some  of  the    | 
derelopmeotal  stages  of  the  Embryos. 

^.  I. — Attteriot  portion  of  nutnre  helminth,    liagnified  100  diim. 

ttt.  9. — Uiddle  portion  of  puaiita  thowing  ■limenUrj  csnal ;  ud  th>    i 
f  iiT  tuboles  filled  vith  otb.     x  100  diam. 
k  ■  Ab.  3.-^>a  wd  embrjoi.     x  300  diam. 

W  Vn-  *■ — ^  portion  of  the  male  «ona,  with  alimoBtary  lad  spena  tabaln 
aH>paiB  at  one  oF  (h«  torn  ends,     x  100  diam. 

Fis.  5. — Embrfo  recently  iogeatcd  bj  a  mosquito,      x  300  ditm. 

Fi«.  6,  7- — Eailj  changM  undei^ne  by  the  embrjos  in  the  mosquito. 

Fio.  8.—? 

Fis.  9.— Uore    adranced   itage  of  the  development  of   the  enbr^ro. 
X  300  diuu. 

Fie.  10. — The  "  uosige-fonn  "  stage  of  development  of  the  embryos. 
X  300  diam. 

Fis.  11. — The  embryo*  acquire  more  worm-like  proportions,  x  100  diam. 

Fie.  IS. — ^  still  further  advanced  stage :  the  aiimentuy  canal  distin> 
M^iable.     X  100  diam. 

Fia.  13.— Ditto '.  more  highly  magnified  (300  diameten^    The  rc-ageat 
lofiUed  baa  eaued  the  contents  of  the  candal  end  to  contract. 
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BXFLANATION  OF  PLATE  VUI. 

;  Mr.  HeiiT7  B.  Brsdr's  "  Xoie«  od  wmc  of  Ibe 
jftB  Ehisopodi  of  tbe  'CbaUen^r'  Expeditioo." 


•r  UUnl  a^cot ;  t,  end  riev. 

thovJDf  iiitenuUatnicIan'.     x 
trigmu,  RcuM.      X  60  iiua. 
—Peifna*  fomtla,  nor.     x  SS  diam. 
If,  li.—  t'figrriiia  U/empta.Dor.      x  55  diun. 
IV— SI.— .JuynM  riryuiti,  hot.      X  S5  di»m. 
B}— U-— Siyriaa  Jtparirm/«,  nan.      x  53  ditni. 
S.^^^iri/AiM  iibfyBa/u,  no*.      X  TS  itkm. 

K.  kteni :  1,  peripbero*latenl  upecl. 
6.— i^(n//<M  IMaU,  now.     x  60  diain. 

a,  latenl  i  J^,  pcripbero-UtenI  upecl. 
T.—Sfiritiiaa  ctwmfa,  dot.     x  60  ilimm. 

1,  jwripliero-UMnJ  upect. 
S. — ^ril/int  (Mirrmlala,  Bntdj.      x  40  diam. 

«  Kiid  i.  tippot  and  lower  surfaon. 
»,  atk—PafOni-ajaMIi/ormu,  d'Orb,      X  SO  diao. 

—Pla'arMma  eckiaala,  dot.      x  fiC  diaOL 
32,  33.— AaMa/iM  ghbmltftrm,  nOT.     X  30  diui. 
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DESCRIPTION  OF  PLATES  XIH,  XIV.    ^ 

Illaitrating    Dr.   Milnea   MtrshaU't  Paper   cm  tbe 
"  Morphology  of  the  Yertebmte  Olfketory  Organ.*' 

lich  flfore  hat  hen  dnwa  fton  a  riaA  MOlkm  V7  the  lU  ef  a 
Hartnaok  camera.  The  wimben  attaehed  inueatflb  ia  diaiMtei%  fhe  aa^ 
nifjinff  power  emptojed  in  eaeh  oaae.  The  muoritj  of  the  figuree  are  oi  a 
aemi-cuagrammatical  nature^  the  mceoUait  beiBg  in  aeanj  aB  eaare 
omitted  for  the  sake  of  cleameae ;  tiie  ontliBee  are»  howe?er,  aMellj 
aoonrate  m  all  oaiee.  fifnree  91,  H^  fff,  aad  98  are  drawn  froai  aeetfeaa 
kindlj  lent  me  for  the  pnrpoee  bj  Mr.  BaUoari  the  rest  are  fkaai  epeei- 
mena  of  mj  own  preparation.  • 

ALrHABIfflGAL  L18T  ov  BjOBiBiroBe. 

«/.  Alimentary  eanal.  tif,  Aalerier  proloB«Uoii  of  alimeataij  eaaal. 
«pr.  Dorsal  aorta.  «.  r.  Anterior  rool  of  a  aphal  aerfo.  «««[  Aadi- 
toiy  TOiiele.  k.  a.  Braadiial  artery.  m^*  1.  Virat  braaeU^  arah. 
kr.  9.  Seoottd  branohial  aroh.  c.  L  oerebial  heauiphera.  /  k  Con- 
brain,  ff.  gill.  L  9.  Seeond  head-eatitj.  k .  I.  Hiadbrun.  i^. 
aoid  aith.  iaf,  Infondibnlnm.  L  e.  LaBhrymal  eleft.  m.  k. 
Ibrain.  Jfii.  llaadifanlar  areh.  «.  p.  Maade  plata.  jr#.  UnO. 
]uj  arch.  ».  Notoehord.  «. «.  Optie  oap  or  era.  offi  OUaelorj 
pit.  ol.  0.  Olfactory  yesicle  or  lobe.  r.  i.  Inferior  reotoi  mutcle. 
r.  i,  Superior  rectus  muscle.  Sch,  Schneiderian  folds.  jrp.  Spinal 
cord.  tr.  Trabeculic  cranii.  v,  e>  Visceral  cleft.  I.  Olfactory 
nerve.  II.  Optic  nerve.  III.  Third  or  oculomotor  nerre.  V. 
Tri<;cmiual  nerve.  Y  a.  Ophthalmic  branch  of  the  trigeminal  nerre,  or 
ramus  ophtiialniicus  profundus.  Y  3.  luferior  maxillary  branch  of  the 
trigeminal  nerve.  VII.  Facial  nerve.  VII  a.  Ophthalmic  branch  of 
the  facial  nerve,  or  ramus  ophthalmicns  superficial  is.  Vlll.  Auditory  nerve. 
IX.  Glossopharyngeal  nerve.        X.  Vagus  or  pneumogastric  nerve. 

Fig.  1. — Longitudinal  and  horizontal  section  through  the  head  of  a 
fifty-four  hours*  chick  embryo,  showing  early  stage  in  the  formation  of  the 
olfactory  pits,  also  the  visceral  clefts  with  their  communication  with  tbe 
exterior.    Picric  acid,     x  35  diameters. 

Fig.  2. — Ijongitudinal  and  vertical  section  through  the  fore  part  of  the 
head  of  a  sixty-four  hours*  chick  embryo,  showing  olfactory  nerve  and  pit. 
Picric  acid,     x  27  diam. 

Fig.  3. — Longitudinal  and  vertical  section  through  the  head  of  a  sixty- 
seven  hours*  chick  embryo,  showing  the  olfactory  pit,  the  maxillary,  man* 
dibular,  li;foidean,  and  hrst  three  orauchial  arches,  with  the  intervening 
clefts.    Picric  acid,     x  ii)  diam. 

Figs.  l—G. — Longitudinal  and  vertical  sections  through  the  head  of  a 
nhiety-six  hours'  chick.    Picric  acid,     x  16  diam. 

Fig.  4. — ^The  most  supcrflcial  of  the  series ;  shows  tbe  maxillarTi  mandi- 
bular and  byoidean  archetf  with  their  interrening  clefts,  and  the  tr^minal, 
facia),  and  auditory  nerves. 
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EXPLANATION  OF  PLATES  XIII,  XTV— OwfjuMrf, 

JiowR,  in  addition,  ihc  olfacUtr;  pit  ud  the  ditUI  end  of  the 


Fis.  a  ibowi  the  third.  glossupJiarjiigcal  and  vagus  nerves. 
"■"1.  7  and  8.— Longitudinal  iiiid  vertical  sections  tlirougli  tliB  ci 


cbral 


Picric  acid. 


re,  also  interoal 
asal  region  of  a 


bemispheres  and  nasiU  region  ot  a  six-dfly  eiiiek  e 
X  15  diam. 
Fto.  7  ihavt  whole  l«ni^h  of  olfactory  nerve. 
Fio.  8  shorn  ganglion  al  root  of  origin  ot  olfactory  ncr 
projection  of  bciiiisplicrc  at  tliis  point. 

Pie.  9. — Longiludinnl  and  vertical  teotion  llirotidi  llie  n 
seven-daj  chick  embrjo,  showing  whole  lengtli  ofoilfaotorj  iii 
meuoinK  rudiment  of  olfactorr  loDe.     PiorJc  acid.      X  IS  diam. 

Fio.  10. — About  hair  of  a  transverse  section  through  the  forebntin  of  a 
four'dav  duck  cuibrTo,  sliowin;  the  olfaotorjr  nerve  and  pit.  Picric  acid. 
X  S<I  aWn. 

Fies.  11  and  13. — Traavcne  sections  through  the  anterior  part  of  Uic  ~ 
bead  of  an  eightjr-bours*  diick  einbrjo,  pauiin^  through  the  cerebral  bemi- 
^wherea,  and  tbe  olfaclorj  pita  and  nerves.     Piorio  acid,     x  87  diam. 
^H^h«.  1 1  »howa  on  left  aide  the  origin  of  the  olfactory  nerve. 
^^^K».  1  j  shows  on  right  side  the  distal  end  of  tiie  olnclor;  nerve, 
^^HEe.  13. — LoDgitadinal  and  horitoutaJ  lectiou  tbraugh  iho  head  of  a 
^^^Hsh  embryo  of  ilage  k,  sbowin^r  e^rly  stace  in  development  of  tbe 
tl/ftCtory  pits.     Chromic  and  osmic  acids,     x  30  diam. 

Fio.  li. — Transverse  section  tlirough  (he  anterior  eitreniity  of  the  head 
of  A  di^llsh  entbryo  of  slag;e  k,  ahowtriK  the  forcbrain,  ihc  olfactory  pits  and 
Chromic  and  omiic  aoida.     x  iO  diam. 
16  — Lougitudiual  and  vertical  section  through  the  bead  of  ■  dogllih 
of  itage  V,  ahowing  the  olfactory  pit  and  ocrvc.    Chromic  and 
_cide.     X  90  diam. 
.1. 16. — Longitudinal  andreitica!  section  thmugh  the  head  of  a  dogfish 
no  of  stage  ■,  shoving  Ihc  olfactory  pit,  ihc  mandibular,  hyoid  ood 
Aial  arcbM.    Cbromie  and  osmio  acids,     x  £0  diam. 
Jns.  IT  and  IS. — Lnngitudtnal  and  vvrtical  seetiona  through  tlie  head 
Kdog6»h  embryo  of  stage  o,     Chromic  and  osmio  acids,     x  90  diam. 
ns.  17  shows  olfactory  |>il  and  n^rve. 

ny.  IR  show*  olfactory  pit,  with  Schiicidcriaa  fold,  olfactory  nerve,  fore- 
'l,  broid  and  bnnchial  arclira. 

va.  19. — Transverse  section  throngh  the  forcbrain  of  a  dogfish  embryo 
i  M,  showing  olfactory  pits  and  ncrvci,  with  absence  of  olfactory 
Chromic  and  oiniic  acids,     x  ij  diam. 

id. — Tranavrric  section  ihrough  the  sanie  rc^-ion  as  in  the  procediog 

liul  in  a  di^sh  embrjro  at  the  commenoeoicnt  of  stage  « :  ahowa 

lory  pits  with  Schnciderian  folds,  olfactory  nenc,  and  commencing 

tocy  'i^bc.    Chromic  and  osmic  acids,     x  il  diam. 

Fio.  dl. — Transvcne  section  throngh  ihr  forenarlofthe  brad  of  a  dogfish 
■mbryo  at  a  stai^  ialcrmediatc  between  n  ana  r,  ibowing  iiic  forebmin, 
the  ^actorv  pila,  and  on  the  left  side  the  olfaetot?  tienre  and  olfactory 
<  1?  diam. 

i. — Transvcne  sixtion  throui;h  the  furrpnrl  of  the  head  of  a  dog. 

ryo  of  stafie  O,  showing  the  cerebral  hcmiapberei,  olfactory  lobes, 

.,  and  olfactory  pita  willi  their  Sohoeiderian  (olds,     x  U 


Ibi  giili  and  the  Sclmcideriso  foUa. 


I 


piQ,  ^'i, — LongitudiDol  and  horiiontol  Kction  Uirough  the  bead,  tbasing 
fore-  and  biDilbrsin,  third  and  trigeniiaal  oerveg,  cjea  and  olfactor;  piit. 
X  MU  diam. 

Pig,  24. — Trausverae  necUou  througb  forepait  uf  bud<r,  alionia^  t|>inil 
cord,  with  smterior  tad  posterior  roola  of  a  spiual  nerve,  rsfus  nttre, 
cardiacnnd  ioTsal  aorta,  brsaclii&l  arleries,  pliuTux  and  ^lls.      x  SO  ijiuii. 

Fio.  25. — Tlie  right  olfactorj  oryua  from  iLc  same  seciion  at  Dg.  i3 
'  nore  biglilj  iDsguiucd,  ahowiug  tlio  cbatactcts  of  tlie  Schneiderian  loliii. 
I    X  00  diaui. 

Fio.  26.— Tbe  left  giU  from  Sg.  U  more  biglily  maKnified,  »bqvin| 
histological  cbaractars  of  the  gill  folds,     x  90  diam. 

Eiw.  27  and  2». — Sections  from  ■  dogtiab  cnibrjo  aboat  sta^r  o,  aboving 
TcMtnhlaace  between  gills  and  Scbueiderian  folds  at  a  ratber  later  pehnL 
X  m  diatn. 

FlQ.  27.— Tbrougb  Sobne'detian  folil^. 

i*ie.  2S.— Tbrougli  gill. 
.   Fio.  211. — Transverse  aection  tbrougb  tbe  witerior  eitremily  of  tbe  bead    ■ 
sf  a  truul  einbrjo  on  tbe  twentj-seveutb  day  after  rerliljaalion  of  ttie  on, 
•bowing  forebiBin,  olfsctorf  pits,  and  on  tlie  left  side  tJie  olfactorj  otnt. 
Picric  aoid.     X  6G  diam. 

f  ID,  30. — Loiiffitudinal  and  vertical  section  tbrougb  tbe  head  of  a  Itovi 
Cubrjo  on  tbe  thirtiotb  dnj,  sbatring  niid-  nnd  biudbraiiis,  rooU  of  vLvcnl 
MClica  and  cleflB,  and  Ibe  olfactorj  pit.     Picric  acid,      x  56  iliam, 

fie.  31. — Transverse  section  tbrougb  lite  anterior  ettremit;  of  the  brad 
of  a  aalnion  embryo  about  Ibe  time  of  batchiag,  shoving  olfaotory  piU, 
trabecular  plate,  and  anterior  prolongations  of  tbe  buccal  cavity.  Cbromit 
jud  osuiu:  aoids.  x  27  diam. 
L  fio.  S3.— TraiiBvene  section  tbrougb  tbe  forepart  of  tbe  bead  oC  a 
FMlmoa  embryo  about  a  week  after  hatcbing,  showinf^  forebrain,  eyn, 
olfactory  pi  ts,  and  paired -anterior  diverticula  of  tlie  buccal  caviiy.     I'lcdc 

KiG.  'd'i. — Transverse  scctiou  tlirougli  the  forepart  of  the  bead  of  a  sjimoa 
embryo  two  days  after  batobing,  sbowiug  forebtain,  and  on  the  left  side  iIjc 
eye,  ori  the  light  the  olfactory  nerve  and  organ.  Cbroiuic  and  usuiie 
acids.     X  35  diam. 

Figs.  3i  and  35.— Longitudinal  and  vertical  sections  through  the  head  of 
a  salmon  embryo  of  the  same  age  as  Ibat  in  the  preceding  Ggure.  Chromic 
and  osniic  acids,     x  27  dian'. 

Fig.  34. — Section  taken  close  (o  median  line,  showing  root  of  olfaetoiv 
nerve,  optic   nerves,   infundibuliim,  and   anterior   prolongation  of  buccal 

Fig.  35. — More  supeiDciai  section,  showing  olfactory  pit,  ejo,  pbarjDi 
ftitb  its  branchial  arches,  and  the  anterior  prolongation  of  Ibe  buccal 
cavity. 

Fig.  3G. — Longitudinal  and  vertical  section  through  the  forepart  of  tbf 
cerebral  hemisphere,  the  olfaetory  lobe  and  olfactory  nerve  of  a  twelve-daj 
chick  embryo.    Picric  acid,     x  17  diam. 

Flos.  37,  39 — Transverse  sections  through  same  region  as  preceding 
figure  in  a  tirelve-daj  cbicb  embryo.     Picric  acid,      x  17  diam. 

Fio.  37.— Through  tbe  olfactory  nerve. 

Fig.  38.— Through  the  olfactory  lobe- 

FiQ.  39.— Tbrougb  the  anterior  part  of  the  cerebral  hcinispbere. 


QURNAL  OF  MICKOSCOPICAL  SCIENCE. 


EXPLANATION  OF  PLATES   XV,  XVL 

tllmtrBting   Mr.   E.   T.   Ncwtou'a  paper   on  tLe   Brain  of 
the  Cockroacb,  Blatta  orient ahs. 


S  the  flgurca,  except  Nos.  3  tnd  4,  drawn  vlLh  umcra  lucldk. 


^HUltl 

^^f  llKriBBKCxs. 

"Nb.  Bemnpliere  of  bnb.  t.  Faoctled  cje.  a»l.  Antenna,  (t*. 
fcalmiMfj  nerve.  I.  Labrum.  m.  While  spot.  awt.  Nerve  lo 
pliit«  (pot.  op.    0|ilic  nerve   or  ganglioti.  ant.    ADtcnnarj   lube. 

Km*.    N«rvB   to    uUcnnutj    muscle.  /■}.    Frontal    guiglioD.  '«. 

Mer«e   in  Ubrum.  oe.    (Ewpliagua,  na.    Nerve*  to    tnftndibla, 

Ma-.  NervM  to  tnikxilW.  Im.  Nerves  to  labium.  "/-g-  Iiifra><E*a* 
slMgenl  ganglion.  o.  eon.  (E«op1i*gr»l  comniiMurc.  6.  com.  Com- 
■iuiure  lo  hud;  gtnf-liun.  a/.    Nvrvc    to   muaclca  (?)   near  roramen 

a.  ttg.  Anterior  ttomito-gutrie  ganglion.  p.  ilf.  I'oalerior 
i-BiaaIno  (^Dglion.  /m.  Median  nerve  from  frontal  ganglion. 
».  earn.  Antmnar;  comnii»ure.  I.  Trabecula.  p.  Peduucle.  ier. 
I  Ditar  calti  o(  oorpua  fungiroruie,  orr.  Outer  nalix  ol  oorpiii  rungironne. 
nav.  Cells  ot  talit.  t.  Corpui  ecntrale.  tan.  Cauliculua.  fe. 
Banglionio  celli.  iffy.  Nerve  from  (BMtptiageal  commisaure  to  frontal 
gutglioii  and  Idbrum.        ■.  Nerve  from  back  part  ot  tmtennirj  lobe. 

PLATE  XV. 
Pio.  1.  -Front  viev  of  licad.   x  35  diamelen.    Cbitin  parti;  removed  to 
■bow  poaitioo  of  brain  and  general  rclalioa  «(  parli. 

Fia.  3.^ — Side  view  of  brain,   with   iufra'tCMpliagral   gangliOB.      X  !a 


Fio.  3, — Infra-msoi'liafiMl  ganglion,  Bc«n  from  behind,  with  nerve*  to  the 
■Kiulh  organi.      X  it  diunt. 
^JTu.  4.— Tlic  brain  and  alomaln.gaitric  ganglia  icen  from  above.     The 

^^Micating  on  ii'iophagua.      X  li  diam. 

^B  PLATE  XVL 

I     Tnn.  5  Iti  1(1.— Proiilal  aecUuni  of  brain,  selcdcd  from  a  Mriet  of  31 

xeiie   from  one  iiieeinirn.      x  (iO  diam.      Fig.  l.t  tcprcacota  lb*  enlin 

Metioa  I  in  tlu  otheri  onljr  one  half  is  drawn. 
Viv.  S. — Section  No.  3  from  front,  showing  Ibe  cauHeubu  covered  hj  Ibe 


EXPLANATION  OF  PLATE  ^.Yi-ConliiHtd. 

Fie.  ft.— Section  6,  ihovn  eaulieulm,  trabefnta,  tbe  oommcncemeDt  of  Lba 
ftdunelt,  portions  of  tiie  ealieti  and  their  cells,  &c. 

Fis.  7. — Section  10,  shaVB  the  cattUixltis  bi^comlng  leduced  in  aUe,  Ibi 
ptduneU  increuiof,  and  Ifae  ealieei  becoming  deeper, 

Fio.  3. — Section  13,  sbona  the  caulicvti  almost  obsolete,  tbe  peduncle  o\ 
eacb  side  joining  tbe  outer  ealix,  and  tlic  calicet  verj  deepi;  curved. 


Flo,  10,— Sectbo  34.  A  portion  of  onlj  one  calix 


Fie.  13.— A  portion  of  a  ealix  {ex.)  from  Section  15,  to  sbov  Ibe  cali- 
culai  C«1U  and  fibres,     x  S50  diam. 

Via.  13. — (!iiug!ionic  cells  from  Seclion  SI,  showing  the  granular  nn- 
tents  paasing  into  the  Ebres.      X  350  diam. 

Fio,  14, — Small  portion  of  network  of  fibres  from  tbe  lower  part  of 
pedtmcU.  X  6S0  diam.  la  the  upper  part  of  peduncle  tbe  mesLea  becouio 
more  elongiled,  in  Uio  trabeetUa  and  eauiieutM  ibej  are  leas  elongated  and 
more  regular. 

Fio.  15. — Yiev,  from  the  inner  side,  of  tbe  iraiecula,  eaulieuliu,  ptdunclf, 
and  ealieet  of  the  right  side  of  the  brain,  separated  from  all  tbe  surrounding 
parts.    This  6giire  is  taken  from  the  model  mentioned  in  the  text  (p,  350), 

Fia.  16.— Ditto,  lean  from  kboTC. 

Fio.  17.— Ditto,  aeea  from  the  front. 


DESCRIPTION  OP    PLATE  XVII, 

lUaatrating  Surgeon  T.  R.  Lewis's  p^pet  on  the  "  Micro- 
phytes of  tbe  Blood."  The  developraentnl  sUget  of 
Organisms  found  in  the  Blood  of  Healthy  Aniin»li 
shortly  after  death. 


d-phologrtpb.    Uagnified    11 00 

Fio.  t.-~Qniwth  or  ditto  into  long  Gismnitt.    Hi^iQcd  OOO  dismeten, 

Fio.  3. — Fonnalion  of  '  iporet '  in  ditto. 

Fib.  4. — The  filtmenti  haTini;  become  l1«Lrl;  ioTisibtc,   tba  '  (pons '  ooly 

src  lecn,  smnKed  lincsrly.    HsgniOed  600  diKmelim. 
Fia.  S. — IwUted '•iMinM'  la  llie  condition  wmptimcs  (ietcnbnl  u  "(tfr- 

niiaating."     Migtiificd   1000  diuieten   (fig.   a,  b,   maj^nided   9000 

diamcten). 
Fia,  0 — 3. — Tlie  dorelnpmBntsI   it«^   of   a  bacillns  dctav  tlie  srenge 

dimeniioni.     Mignilled  IO(JO  diameter*. 
FlO.  9.— B*eil)i  almrt  llie  afaran  dimcBiion*.     On«   white  and  two  ml 

blood-corpuMilca  am  outliaeOiD  liin  Qguni.    Mi|inificd  1000  diiincl4sn. 
Fia.  10.— Ditto,  sbowiiig  groirtli   into  filamenlt.      MagniBed  1000  din- 

FtB.  11.— Ditto,  lubaequentl;  undergoing  flMion.    Mignilicd  lOOO  dis- 

Fid    13. — Sporrr-likn   boJiM  ubirh   Tormad   in  a  pottioQ  of  lh«  CUueoti 
dolinutcd  at  fig.  10.     HaguiBcd  1000  diametos. 


JOVBNAL  OP  MICROSCOPICAL  SCIENCE. 


EXPLANATION  OP  PLATE  XVIII, 

niattnting  Dr.  Klcin'e  Memoir  on  the    "tilanduUr  Kpi- 
1  and  Division  of  Nuclei  in  the  Skin  of  NeffU" 


Vl*.  1. — Ant  of  B  lAfRa  SKCOulnr  glnnd  of  tnil  ol  newt,  e,  epiUidiil  wlb 
(MUMt  the  dunt)  filled  with  ht  globulr* ;  h,  c|iit.lieli«l  wilt,  dm  piutk 
il  whbdi  euntnina  largo,  IngUlj  rcfnctiTe  mnulRS ;  c,  coJIa  ini)ie*Md  ; 
nvely  in  OutUu.    Drawn  on  Crouch'a  nmkll  hIbuiI,  wiiti  liu  |  ohj. 

TiMb  S|  Si  ^  ■»  G,  and  7  represenl  f^Aut  nucloi  of  tlie  epithelial  oelU  liunw 
UtB  abon  gUnda.  ciamiuFd  frosli  on  tli«  wnrin  alage  on  Craueb^ 
■Dull  rtaid  trit^  Za^'a  S  obj. 

7m.  1  Hd  7  npnMBt  BBoM  la  tha  ttit*  of  dtfhktB. 

IIM.B— SB  m  bmU  or  the  dtip  ligw  af  (wtom)  iflHiBil  ■■■  ef 
the  cpidenBU  or  the  tail  «f  bbvL 

Tim  n    WiiiJTiii  TUlilim  Ihii  iiillliMiw^  iif  lhiiiii|iiiilliei|Jl>*i 

I,  e  uBifcnidaaM  BrtMk  with  Mi  (UriJe  vioMd  kS 
tkn),  ud  ■  peH  tna^wMt  iitiMWW  nhiteMe. 
7m.  10, 11, 18,  and  U  i^ptaMat  bmIbL  Jb  rtlah.  the  Udb  ot  Ot  fartn. 

nnoleai  network  beoome  tvlited  uw  oonraluted,  tud  anaBged  mon 

or  IcM  in  the  ahape  of  a  'buket.'  The  nuclwi  ■nembrmBe  bu 
become  indiitJDct. 

Fios.  11, 15, 16, 17i  IS,  and  19  repreaentiiDolei,  in  which  the  flbrilt  have  he 
come  so  arringed  that  thej  are  radiatbg  towards  the  centra, '  wreath,' 
and  single  star,  monaster.    A  nuolear  membrane  is  not  preaent. 

Figs.  SO,  31,  and  33  show  nuclei.  In  which  the  network  of  fibrils  baa  be- 
oome arranged  aa  a  double  star,  d^aster.  Ttie  naclear  menbrana 
is  not  preaent. 

Jios.  33,  31,  and  SG  ahow  daughter  nuclei,  t.  <.  after  the  mother  nuoleu 
bss  dinded. 

Fioa.  8—16  and  18— SS  drawn  with  Zeiss's  E. 

Fios.  16  and  17  with  Zeiaa's  oil  immersion,  ^  obj. 

Figs.  36 — 3S  show  nuclei,  diriding  by  simple  olearage. 

Fios.  33 — 35  show  diTidiog  nuclei,  in  which  the  network  had  artsBged 
itself  as  ill  the  former  cases  when  nuolei  are  going  to  divide  after  the 
iodiiect  fashion ;  but  the  diTision  is,  after  all)  after  the  direct  uBBBer 
of  clesTSge. 

Fios.  !6— 35  drawn  with  Zeiss's  G  obj. 


F.j    4 


Fiji 


F,J   16 


F.|   17 


f'S  26  p,|  27 

^3    (iMFv 


fij  30      Fi^  31        F,j  32 

(£;>■    W'   '^' 


Fij   33  f'S  34 


JOVENAL  OP  MICBOSCOPICAL  SCIENCE. 


I. 


EXPLANATION  OF  PLATES  XX  AND  XXL 

irating  the  Memoir  on  same  Points  iu  the  Early 
Development  of  the  Common  Newt  [Trilou  taniatw), 
by  W.  B.  Scott,  B.A.,  and  Henry  F.  Osborn,  B.A. 


With  the  exception  of  fig.  1  lbs  folloiring  Qgures  were  drawn  wi 
£BtM'  A  objectJTe.    In  Dg».  i,  3.  i,  S,  a  No.  2  (Zeiw)  ojcplcoc  was  u 

I  (or  Dgt.  A  ud  7  &  No.  3  ejepiece. 
,  BXPL4NATI0N  OP  PLATE  XX. 

List  or  HzriREKCEs. 
fp.  Bpiblut.  «';i'.  Inner  Ujer  of  epiblaet.  yi.  Yolk.  if.BjjO- 
blut.  in.  1^.  InTaginatioi)  li;)>obI*st.  y.  iy-  Volk  lijpoblut.  m. 
Uttoblut.  tp.  Splanctmoploure.  to.  Sonuttopleure.  a/.  Alimen- 
tv7  eaul.  ni^.  Neural  ckiwl.  ek.  Nolochord-  mg.  Mednllu; 
groo*«.        ^/-  UedalUr;  folda. 

Fio.  1. — Longitudinal  tection  of  an  onbijo  at  lime  of  oomnienMincat  of 
Lotigination.  ILutnack  No.  7  obj.,  ejepieM  3,  It  tbowi  one  of  lbs 
earliett  ttagu  of  tlic  epiblut. 

Fic.  3.— RepreienU  a  longitudinal  aeolion  of  «  Trilon  embryo  (pnbably 
mi'd/M)  iu  the  eui;  part  of  Stage  a.  At  tbo  openiug  of  Ihc  hlanlopoie 
tbt  section  ia  la  tlie  mediaD  liae-  It  alanta  off  forwardi,  bowerer,  to  one 
aide,  and  therefore  out  of  Uie  region  of  tlie  alimmlar;  canal.  It  ahows 
Ibe  formatiou  of  the  in  vagina  tioa-bypobUst  aod  the  ooofuwd  maaa  of  eella 
ariaing  from  the  reflection  of  the  epibhut. 

Via.  3.— A  uction  of  the  ume  cmbrro.  It  inaj  bo  eonaidered  tbe  re- 
Ttrae  of  the  latt.  Ac  the  blaalopore  it  ia  al  one  aide  of  the  median  line, 
while  anterioilT  il  in  directlj  in  the  medinn  line.  Tiiia  obliquilj  elplaina 
the  appareot  upgrowth  of  jollc-cclla  in  the  centre.  Putting  tliia  and  the 
preTioaa  lectioo  together,  ■  fair  idea  ma;  be  obtaintd  of  the  actual  relation 
of  the  lajen  al  thia  period.  It  lUuatratea  the  fortnatioo  of  mMoUatt 
hj  innginttion,  and  the  obliteration  of  the  ugamlatJon  oafit;  by 
Ibe  kdTanoe  of  tbe  alimentary  canal,  Tbe  biMtopoia  bt*  boon  artiSeiallj 
widened. 

Fio.  1- — An  anterior  tnniverae  aeclionof  an  embryo,  at  Stage  a,  ulighilj 
mon  advanced  than  the  preTiotii  one       It  ibowi  tbo  ihaliow  mednll' 
fiooTe,  the  lateral  plain  of  tnetnblatt  riiendina  balf  way  down  the 


I 


tJOUSAXlDiS  ,01  FL\TE  X^-Ca»tiitued. 

■bo  thf  JMUfaatiia-^elilMi  ibOK  the  alimeQUr;  oual  cgiitinuou>l4ttl 
■idw  vtth  tha  Toik  Ivp^Im^ 

Fn.  B.^A,tnBm>N  NOtiai  ttmi^ttohNi.niitaiof  MMbqvflt 
BtvB.  It Aow  the ■pMta^ of  ^U  —uMiH »a Iha IwrtiM rf tti 
■•iUIhwj  pliU  ud  aotoiteid. 

IM.  8^-A  tanmrM  Nolfaa  ttoHh  ttl  taofciiriw  «f  M  Mki^  il 

atif  Clhwringt  ritfdlTMMAMWdl1liltll|MWlttM|iailMt. 

In.  r^RepiMMli  ft  tfomm  Mettn  ttm^tti  white  tiok 

XXPLUUXIDM  C9  FLiXI  ZXL 

Lm  ov  BumpOMf 

<y.  Optlo  rafab.  jy.  End  onlHM  (antetl  ta  «te  1. 1,  A«.) 
M  ^Manlolgftt.  m.  Aartlii  mint  imd  — atay  ffcia.  •>.■&- 
tenal  bnadik.  al.  IQi  bnls.  il^  Si^  feiib.  tt.  l^nnU 
bodf.  <i:  AUBtrtHTBuaL  ^p.  Oriw hwtrf ifJIilM*  tK.Lnat 
l^erofdiUo.    ZrfM.A,64.06.No.l^aiMptfe>4i^flbl%ltf27* 

ni.8^AB(AttfaMUTneaHtk»bteaiMt'|l^aB.  TUi  aMte 
b  eat  oUlqsdr.  M  tliftt  the  btand  «od  thMM  ViM  «f  MNdtal  is  ast 

appau  oontinttotu  with  th«  meioUut  linfaig  tin  dM  flf  Oa  a^ijo  I  It  givM 
therefore  at  fint  aight  k  falie  impnaiion. 

Fio.  9. — Enluged  view  of  the  Ut«Ttl  epiblut  of  dg.  0.  Zeiw  D,  oouL 
3.    a.  One  point  of  cell  diviuon. 

Fio.  10.— Horiiootftl  longitadiul  teotion  through  tiie  head  of  u  eBubrro 
of  Stige  t.  Tbe  eeotion  ia  slightlj  oblique,  and  hence  mujmmetriatL  It 
■howa  the  unacgmented  head  c&rity. 

Fig.  11.— Vertical  longitndinal  seotton  through  the  head  of  an  embiTO  of 
Stage  K,  (bowing  the  relations  of  the  head  cantiet,  aortic  arcbea,  and  gill 
clefts ;  it  ia  taken  too  much  at  tbe  aide  to  ahow  the  tbjroid. 

Fis.  12.— Tranarene  aection  through  head  af  an  enbcTO  of  8t^  i. 

Fio.  13.--TraniTerae  section  of  head  of  emblTO  ntj  alightlj  dder  than 
the  pKceding  flgore. 

Fto.  11,— Section  through  the  tame  einbr]ro  aa  flg.  IS,  but  eonaidenUj 
further  forwarda. 

Fig.  16.— Tranarerae  aection  through  the  head  tt  an  emtnyo  of  about 


Fio.  17.— Extwiud  drawing  of  u  epbrjo  of  Stige  I.    a-  Oal  iam- 
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I  JOURNAL    OP    MICROSCOPICAL  SCIENCE. 


DESCRIPTION  OF   PLATE  XXII, 


I  Ulustr&tiag  Proressor  Bay  Lankester'a  Memoir  ' 
the  Structure  of  Hali^hyaema." 


qucntlj  pTCMfTod  in  strong  alcolial.    pi.  Strenuuiig  pcotoplasoi  iuvestiiig 
A ,_    ...    ^_:...,__  J-_-r_.j._._.  S;..___.-_     .  .._  fepicutes  dcmcJ  frODi 

Fio.  S.^Frotoplumic  core  of  a  timilBr  ipccimeii,  obt&ined  bj  g«nt1; 
cnthiD^  the  lest.  The  core  w  diawo  is  s  tedorttioa  of  a  ipecimcQ 
btokeit  into  thiec  piecea.  It  u  somewhat /Taf/tnn/,  uid  tlierefoce  widened 
b;  pressure.  ADteriorlj  tiie  egg-like  boajes  are  teen  embedded  in  the 
■olid  protApluiu.  The  surfice  of  the  core  is  grooved  or  ribbed  by  the 
[ougitudiDRllT  placed  ipiculei  formiiig  the  te&t. 

N.B.— Fiti-a.  1  and  2  uro  magnified  135  limes  lioear. 

Fia.  'i.—h.  sficulc  or  lUo  test  (derired  from  a  ReDtorat  sbowmg  in*e*t- 
meat  of  itreuuiOR  piotoptaam.  m.  One  of  the  yeticuUr  noolei.  Prodi  a 
fpeoimeo  preaerred  in  chromio  aeid  roUowed  bj  alcohol. 

FlO.  4.— Kgg-like  bod;  ;  fruni  a  siiuilarlj  preterved  •peoimeu  tatted. 

Fig.  d. — Vacuolated  protoplasm  and  large  and  small  oocpuwlet;  tnnu  a 
limiUr  apeoimcQ. 

Ftfr.  C^— £^-likc  bodies  froni  n  siimiu  apecimen ;  oao  ia  in  the  prooew 


Flo.  7. — Portion  of  the  proloplatu  showing  the  wall  of  oarities  in  wbidi 
^g-ltke  bodies  were  embedded, 

Fio.  ^.— Corpuaole  similar  lo  Ihoae  o(  Gg.  S. 

Fib,  U.— Vacuo laleU,  reticular  protoulasm,  with  a  number  of  the  ctu- 
raoterittic  veMOulat  nuclei  einbcddcd'  From  a  chromic-acid-aloobol 
apecimen,  tcaxed. 

Fit».  10. — Vceicalar  uuolei  of  lialipbjsema,  ihowing  variou  fomu  of 
coUaMC  duo  to  llic  action  uf  rcagenli.  a,  6.  Still  splierical.  f.  lDT>fp> 
n^ea  hemiiphere.  d.  False  appearanct!  of  tnasrersc  upturn  aud  fission. 
«.  Lateral  view  of  J. 

Fill,  11. — rorlioa  of  the  core  of  a  tpccimcn  hardened  in  i  per  ceut. 
chromic  acid,  followed  b;  alcohol,  then  ataincd  with  hKinatoxTliD,  monnled 
in  oil  of  cloTH  and  Canada  balsam,  and  earefull;  craabcd  whilst  in  the  lait- 
named  medium.  The  vesicular  nuclei,  darkl,r  tlamed,  are  seen  beside* 
amaller  eorputeles.  r.  Caril;  from  which  a  Tcaicular  nucleus  has  been 
remoted,     r.  Ridges  titling  into  the  iattretic«s  of  the  lest. 

N3.— Figs.  3  to  11  ropretent  the  objects  of  SSO  times  the  naluial  sife. 
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JOURNAL  OF  MICROSCOPICAL  SCIENCE. 


EXPLANATION  OP  PLATE  XXIII, 


lUaBtrating  Professor  Ray  Lankester't  ''Description  of 
LUhamwba  di$cu$,  noT.  gen.  et  sp.,  one  of  the  Oym- 
nomTxa." 

Fis  l.^'Liikam<B6a  iueiu  si  rati;  msgnified  sboa^SSO  dimneien.    «. 
nadeos ;  cone.  ooiiersti<ms ;  /.  food  msitert ;  €9*  ooatrsotile  tsouoIo. 

Fig.  9.— The  ssme  speotmea  sotifdy  extniding  pseadopodis. 

Fig.  3.— Aaother  Bpecimea  (leu  msgaiiled)  killed  bj  iodiae  solaUoa. 

Fig.  4.— The  Tteaolsr  Btrooiure  of  the  protoplssm,  ss  ieea  aader    No. 
10  immenioa  lens,  ia  s  ipeeimeii  tresled  with  osmio  sdd  sad  pioro-csrmine. 


Fig.  6.— The  sn^ulsr  aacleui  sad  its  iafotUng  aiembrsae  sflar  the 
scUoa  of  dilate  scetio  scid. 

Fig.  6. — The  grsnulsr  cuticle  ia  optical  section,  slier  the  setioa  of 
iodiae  solation. 

Fig.  7.— The  grsnnlsr  cuticle,  sarfsoe  new,  after  the  setioa  of  iodiae 
solatioa. 

Fig.  8.-— a  coaeretioa  ii 


'y:-^-.:,-:X 


tratiog  Mr.  Gibbes'  Memoir  on  the  "  Structure  of  the 
Vertebrate  Spermatosoon." 

te.   ].— J.   aueulala.      PrMh.      DrawD    with    Powell   tad    LwUnd'* 

^  imm.     X  no. 
lo.   3.—S.  maculato.     Frwh.      Dnirn  witb  Powell  utd  LB»land'>    1 
new  rormola  imm. ;  opper  put  of  fiUmcot  vu  in  motioo  at  tlie  time. 
lo.  i.—Triio«  criitalui.      Prcpiired  ill  5  per  cent,  clinnio  ammonium, 

and  mounted  in  gljcerin.    Drawn  with  Ziew'  F. 
lo.  4.— SpernialOEOou    of    boru,   fretb    mounted  ia  gtjoeriii.      Drawn 

with  Powell  and  Laland's  ^  inuuenion.  x  9&0. 
'lo.  S.'— Spermatozoon  of  guiaea-pig,  freeii  mounted  in  gl;cerin.    Dnwn 

Willi  ^  immmion.  x  950. 
40.  B.— Spermatozoon   of  Salamandra   maewlata,  mounted  ia  >  •olutloa 
ofcl(laridao( sodium  Ipu cent.,  and  drawn,  after  baring  beea mounted 
Airtj-eigbt  hours,  with  Zciis'  F. 

naloioou  of   Triton   erulalm,  taken  (reati  and  moontod  in 

■X  cent,  lotulion  of  chloride  of  sodium,  and  drawn  with  Powell  and 

I  ^  dTj,  after  being  mounted  four  weeki. 

d  9.— Spermatozoon  of  S.  wiaemlata,  taken  freah  and  moimtcd 

I  per  ocnt.  tidt  tolntiou.    Drawn  with  Pownll  and  LtabunTi  t  inMS- 

In  fig.  S  the  bead  and  meabmne  bar*  tltogetb«T  diaappMnd, 

la  in  Fig.  0  the;  are  aoaroelj  loaclied. 

ttoioon  of  S.  mticulaia  tittt  immeraion  in  a  B  per  cvnt. 
a  <J  Sod*  Bicarb,  for  (ortj-ei^t  boun.    Drawn  with  ^  of 
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